This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not Umited to): 



(3 



0 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



per 



WORLD INtELLECTUAL PROPERTY ORGANIZATION 
Inteniatioiml Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) btenuitioital Patent Qassffication ^ : 

C12N 15/53, 15/82, QIB 1/00 
C12Q 1/68, AOIH 5/00 



Al 



(ll)IiiteniBtioiial Ptablicatfon Number: 
(43) International Publication Date: 



WO 94/11516 
26 May 1994 (26.05.94) 



(21) International Application Number: PCT/US93/09987 

(22) International Filing Date: 15 October 1993 (15.10.93) 



(30) Priority data: 
07/977,339 



17 November 1992 (17.11.92) US 



(60) Parent Application or Grant 
(63) Related by Continuation 

US 07/977,339 (CIP) 

Filed on 17 November 1992 (17.1 1.92) 



(71) Applicant (for all designated States except US): E.L DU 
PONT DE NEMOURS AND COMPANY [US/US]; 
1007 Market Street, \^ilmington,'DE 19898 (US). 



(72) Inventors; and 

(75) Inventors/Applicants (for US only) : LIGHTNER, Jonathan, 
Edward [US/US]; 438 East Maricet Street, Marietta, PA 
17547 (US). OKULEY, John, Joseph [US/US]; 217 Fal- 
lis Road, Columbus, OH 43214 (US). 

(74) Agents: MORRISSEY, Bruce, W. et al.; E.I. du Pont de 
Nemours and Company, Legal/Patent Records Center, 
1007 Maricet Street, Wilmington, DE 19898 (US). 



(81) Designated States: AU, BR, CA, JP, US, European patent 
(AT, BE, CH. DE, DK, ES, FR, GB, GR, IE, IT, LU, 
MC.NL,PT,SE). 



Published 

With UUemational seardi r^rt 



(54) Title: GENES FOR MICROSOMAL DELTA.12 FATTY ACID DESAJURASES AND RELATED ENZYMES FROM 



PLANTS 



(57) Abstract 



The preparation and use of nucleic add fragments encoding fatty acid desaturase enzymes are described. The invention 
permits alteration of plant lipid composition. Chimeric genes incorporating such nucleic add fragmeiits vrith suitiEible'i^latOTy 
sequences may be used to create transgenic plants with altered levels of unsaturated fat^ adds. v < ^' ^ 



,.•■!•, 3^;f5. ih; f >/r J. 







FOR THE PURPOSES OF INFORBiATION ONLY 








Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 




applications under the PCT. 












AT 


Austria 


GB 


United Kingdom 


MR 


Mauriunia' :^ 




AU 


Australia 


GB 


Georgia 


MW 


Malawi :-■ 




BB 


Barbados 


CN 


Guinea 


NB 


Niger 




BE 


Belgium 


GR 


Greece 


NL 


Nctheilands "... 


BP 


Burkina FaSO 


HU 


Hungary 


NO 


Norway 




BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 




BJ 


Benin 


rr 


Italy 


PL 


Poland 




BR 


Braxil 


JP 


Japan 


PT 


Portugal 




BY 


Belarus 


KE 


Kenya 


RO 


Romania 




CA 


Cuuula 


KG 


Kyrgystan 


RU 


Russian Federation 


.1 ' ■ . 


CF 


Central African Republic 


KP 


Democratic People's Republie 


so 


Sudan 




CC 


Congo 




of Korea 


se 


Sweden 




CH 


Switxertand 


KR 


Republic of Korea 
Kaiakhslan 


SI 


Slovenia 




a 


C6te d*lvoirc 


KZ 


8K 


Slovakia 




CM 


Cameroon 


LI 


Liechtenstein 


SN 


Senegal ; 




CN 


China 


LK 


Sri Lanka 


TD 


Chad 




cs 


Oeechoslovakia 


LU 


Luxembourg 


TC 


Togo . 




cz 


Occch Republic 


LV 


Latvia 


TJ 


Tajiitistan 




DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago ■ , 




DK 


Denmark 


MD 


Republic of Moldova 
Madagascar 


UA 


Ukraine 




BS 


Spain 


MG 


US 


United States of America 




Fl 


Finland 


ML 


Mall 


UZ 


UzbekisUn 




Pft 


France 


MN 


Mongolia 


VN 


Viet Nam 




GA 


Gabon 













*i4 u.;4UBi* Tc^^gr 



WO 94/1 1516 ' PCr/US93/09987 



TITLE 

GENES ^FOR MICROSOMAL DELTA-12 FATTY- ACID ' r-? - ^'r 
DESATURASES .AND RELATED ENZYMES FROM PLANTS 
FIELD OF THE TWW.WTTnw 

5 The invention relates to the preparation and use of 

nucleic acid fragments encoding fatty acid desaturase 
enzymes to modify plant lipid composition. Chimeric 
genes incorporating such nucleic acid fragments and 
suitable regulatory sequences may be used to create 
10 transgenic plants with altered levels of unsaturated 
fatty acids. 

BACKGROUND QF TWP. TTWEMT^Tnu 

Plant lipids. have a variety of industrial and / : 
nutritional uses and are central to plant membrane. >4-- 

15 function and climatic adaptation. These lipids 

represent a vast array of chemical structures, and these 
structures determine the physiological and industrial, 
properties of the lipid. Many of these .structures 
result either directly or indirectly from metabolic - 

20 processes that alter the degree of .unsaturation of the. 

lipid. Different metabolic regimes in different plants 

' " " ir>n u^'ifi ox 

produce these altered lipids, and either domestication 

of exotic plant species or modification of agrononiically 

adapted species is usually required to economically 

25 produce large amounts of the .desired lipid.. 

Plant lipids find their major use as edible oils in 
the form of triacylglycerols . The specific performanceit 
and health attributes of edible oiis.are..de'termined: ! 
largely by their fatty acid composition.. Most vegetable 

30 oils derived from commercial plant varieties are - ' 
composed primarily of palmitic (16:0), stearic (iSiO) , 
oleic (18:1), linoleic (18:2) and linolenic (18:3)^ 
acids. Palmitic and stearic acids are, respectively, 
16- and 18-carbon-long, saturated fatty acids. Oleic, 

35 linoleic, and linolenic acids are 18-carbon-long,, ; 
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unsaturated fatty acids containing one, two, and three 
double bonds, respectively. Oleic acid is referrecl'ntb/^ 
as a mono-unsaturated fatty acid, while linolelc and 
linolenic acids are referred to as poly-unsaturated 
fatty acids • The relative amounts of saturated and 
unsaturated fatty acids in commonly used, edible 
vegetable oils are summarized below (Table 1) : 



TABLE 1 

Percentages of Saturated and Unsaturated Fatty 





Saturated 


Mono- 


Poly- 






unsaturated 


unsaturated; 


Cancla 


6% 


58% 


36% 


Soybean 


15% 


24% 


61% 


Corn 


13% 


25% 


62% • ' • 




18% 


48% 


34% 


Saf flower 


9% 


13%- 




Sunflovrei: 


9% 


- 41%- ""-^^ 




Cotton 


30% 


19%"^'* 













Many recent research efforts have exsunined the role 
that saturated and unsaturated fatty acids play in 

10 reducing the risk of coronary heart disease. In the 

past, it was believed that mono-unsaturates, in contrast 
to saturates and polyunsaturates, had no effect on 
serum cholesterol and coronary heart Si'sedsB^rl'sJt':^'^'^ ^ 
Several recent human clinical studies suggest ^hat diets 

15 high in mono-unsaturated fat and low. in satura^efl^f§.t^' 
may reduce the "bad" (low-density lipoprotein) , 
cholesterol while maintaining the "good" (high-density 
lipoprotein) cholesterol (Mattson et al.. Journal of 
Lipid Research (1985) 26:194-202). 

20 A vegetable oil low in total saturates andf^jhigh.in. 

mono-unsaturates would provide [significant ^heja^^t^t' ; 





^'^'lii'al. oil]} 
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3 . . 

benefits to consumers as well as economic benefits to 

1 

oil processors. As an example, canola oil is considered ^^^^^^^^^ 
a very healthy oil: However, in use, the ' higK^ierrS'^^ 
poly-unsaturated fatty acids in canola oil renders the . 
5 oil unstable, easily oxidized, and susceptible to 
development of disagreeable odors and flavors 
(Gailliard, 1980, Vol. 4, pp. 85-116 In: Stumpf, P. K., 
Ed., The Biochemistry of Plants, Academic Press, New 
York) . The levels of poly-unsaturates may be reduced by 

10 hydrogenation, but the expense of this process and the 
concomitant production of nutritionally questionable 
trans isomers of the remaining unsaturated fatty acids, 
reduces the overall desirability of the hydrogenated oil 
(Mensink et ai., New England J. Medicine (1990) . N3.23: ,rv;;,v 

15 439-445) . Similar problems exist with soybean and corn 
oils. 

For specialized uses, high levels of poly-, 
unsaturates can be desirable. Linoleate, and linolpnate^* ^ 4 
ar^ essential fatty acids in human diets, and an^. edib% ,bK;fi 

20 Oil high in these fatty acids can bemused for \ 

nutritional supplements, for exan5>le in baby^ foods . 

Mutation-breeding programs have met with some 
success in altering the levels of poly-unsaturated fatty : 
acid levels found in the edible oils of agronomic 

25 species. Examples of commercially grown varieties are 
high (85%) oleic sunflower and iow. (2%)^^llnolenic.^^^ 
(Knowles, (1980) pp. 35-38 In:- J^lewhite, T^ ;jv^.JS^ 
World Conference on Biotechnology . fpr^^^tjbe^Fa^^ 
Industry Proceedings, American Oil Chemists' Society)^,.. 

30 Similar commercial progress with the other plants shown 
in Table 1 has been largely elusive due to the difficult 
nature of the procedure and the pleiotropic effects of .! • 
the mutational regime on plant hardiness and yield 

- - ..^'^c^ ratty ' 
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10 



The biosynthesis of the major plant lipids has-been 
the focus of much research (Browse et' al. ^ hniS^ll^h^^ 
Plant Physiol. Mol. Biol. (1991) 42:467-506). These 
studies show that, with the notable exception of the 
soluble stearoyl-acyl carrier protein desaturase, the 
controlling steps in the production of unsaturated fatty 
acids are largely catalyzed by membrane-associated fatty 
acid desaturases. Desaturation reactions occur in 
plastids and in the endoplasmic reticulum using a 
variety of substrates including galactolipids, sulfo^ 
lipids, and phospholipids. Genetic and physiological 
analyses of ArabidQpsis thaiiana nuclear mutants 
defective in various fatty acid desaturation reactibns 
indicates that most of these reactions are catalyzed by ..^ 
15 enzymes encoded at single genetic loci in the plant. 

The analyses show further that the different defects in 
fatty acid desaturation can have profound ,and different 
effects on the ultra-structural morphology, ^.jccAd^^ 
sensitivity, and photosynthetic capacity , of,, the^paJaiits^^ • 
(Ohlrogge, et al., Biochim. Biophys. Acta (1991) 
1082:1-26). However, biochemical characterization of ' 
the desaturase reactions has been meager. The 
instability of the enzymes and the intract ability of 
their proper assay has largely limited researchers to 
investigations of enzyme activities in crude .membrane 
preparations. These investigations have,, however l^rPvt ' 
demonstrated the role of delta<^12 desaturase and . ■ • ' 
delta-15 desaturase activities in ^the .piroduction of 
linoleate and linolenate from 2-oleoyl-phosphatldyl- j - 
30 choline and 2-linoleoyl-phosphatidylcholine, 

respectively (Wang et al.. Plant Physiol. Biochem, 
(1988) 26:777-792). Thus, modification of the 
activities of these enzymes represents an attractive 
target for altering the levels .of lipid unsaturitioriHby 
35 genetic engineering. . tti.^^' - 



20 



25 
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Nucleotide sequences encoding microsomal d^?lta:?^9/ . 
stearoyl-coenzyme-A desaturases from yeasty ^^^ii^Jisig^ 
mice have been described (Stukey, et al., J. Biol. 
Chem. (1990) 265:20144-20149; Thiede, et al., J. Biol. 
5 Chem. (1986) 261:13230-13235; Kaestner, et al., J. Biol. 
Chem. (1989) 264:14755-1476). Nucleotide sequences 
encoding soluble delta- 9 stearoyl-acyl carrier protein 
desaturases from higher. plants have also been described 
(Thonqpson, et al., Proc. Natl. Acad. Sci. U.S.A. (1991) 

10 88:2578-2582; Shanklin et al., Proc. Natl. Acad. Sci. 
USA (1991) 88:2510-2514). A nucleotide sequence from 
coriander plant encoding a soluble fatty acid 
desaturase, whose deduced amino acid sequence is highly 
identical to that of the stearoyl-acyl carrier J>r9teini4*j7 

15 desaturase and which is responsible for introducing the 
double bond in petroselinic fatty acid (18:1, 6c), has 
also been described [Cahoon, et. al. (1992) Proc. .Natl.. i 
Acad. Sci. U.S.A. 89:11184-11188]. Two fatty acid a.-' t;r^ 
desaturase genes from the cyanobacterium, Syn^chocyseis^ '^rV:' 

20 PCC6803, have been described: one encodes a fatty , acid 

desaturase, designated des A, that catalyzes the / 

conversion of oleic acid at the sn-1 position of 

galactollplds to linoleic acid [Wada, et al.. Nature... 

(1990) 347:200-203]; another encodes a delta-6 ^.f atty, 

25 acid desaturase that catalyzes the conversion of ^ / 

■ ....... J.t.^w 

linoleic acid at the sn-1 position of . galactol^idiS|t 

y-linolenic acid (18:2, 6c, 9c) (w6 93(i6fe] T^lluc 
sequences encoding higher* plant mexnbrajne-bound 
microsomal and plastid delta-15 fatty acid desaturases 

30 have also been described [WO 9311245]; Arondel, V. et. 

al. (1992) Science 258:1353-1355]. There is no'report \ 
of the isolation of higher plant genes encoding fatty 
acid desaturases other than the soluble delta-6 and 
delta-9 desaturases and the membrane-bound Jmicrpsomal^ * ' 

35 ' and plastid) delta-15 desaturases 



ises . While thereUil^^l^ll ^ 
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extensive amino acid sequence identity between' the' i^t v-K ' 
soluble desaturases and significant 'amino 'acl%-^§^^H@^ 
identity between the higher plant microsomal and plastid 
delta-15 desaturases, there is no significant homology 
5 between the soluble and the membrane-bound desaturases. 
Sequence-dependent protocols based on the sequences 
encoding delta-15 desaturases have been unsuccessful in 
cloning sequences for microsomal delta-12 desaturase. 
For example, nucleotide sequences of microsomal or 

10 plastid delta-15 desaturases as hybridization probes 
have been unsuccessful in isolating a plant microsomal 
delta-12 desaturase clone. Furthermore, while we have 
used a set of degenerate oligomers made to a stretch of 
12 amino acids, which is identical in all plants deltarrl 54 ^ 

15 desaturases and highly conserved (10/12) in the 

cyanobacterial des A desaturase, as a hybridization 
probe to isolate a higher plant nucleotide sequience > " 
encoding plastid delta-12 fatty acid desaturasis/j thts^^^^^^^^ 

method has been unsuccessful in isolating the micfosbmal ' 

■ n :■ r ^ r.i ^ • . ;) . a 

20 delta-12 desaturase cDNAs. Furthermore,, there. has been ' 
no success in isolating the microsomal delta-12 
desaturase by using the polymerase chain reaction 
products derived from plant DNA, plant RNA or plant cDNA 
library using PGR primers made to stretches of amino 

25 acids that are conserved between the higher plant ' * * ^ 
delta-15 and des A desaturases. , Thus,, .there, are hdife Ji^^ 
teachings which enable the isolation of, plant microsomal 

.... {r ^ pI*)X)-.: r-.^cr ■-•^>'^'^Hi 

delta-12 fatty acid desaturases or plant fatty acid 
desaturase-related enzymes. Furthermore, there is no... 

30 evidence for a method to control the the level of . 

delta-12 fatty acid desaturation or hydroxlylation in 
plants using nucleic acids encoding delta-12 fatty acid 
desaturases or hydroxylases. . , V ♦ ' ' • 

The biosynthesis of the minor plant lipids' has ^beensvj:^ 

35 • less well studied. While hundreds of different .fatty ^' - j 
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acids have been found, many from the plant kin(gabmV.^^onl^^ 
a tiny fraction of ; all plants have been sury^!|ii^^g|^^ 
their lipid content (Gunstone, et al., Eds., (1986) The 
Lipids Handbook, Chapman and Hall Ltd., Cambridge). 
5 Accordingly, little is known about the biosynthesis of 
these unusual fatty acids and fatty acid derivatives. 
Interesting chemical features found in such fatty acids 
include, for example, allenic and conjugated double 
bonds, acetylenic bonds, trans double bonds, multiple 

10 double bonds, and single double bonds in a wide number^/ 
of positions and configurations along the fatty acid 
chain. Similarly, many of the structural modifications 
found in unusual lipids (e.g., hydroxy lat ion, 
epoxidation, cyclization, etc.) are probably .prpduced^i;.^^^^^^ 

15 via further metabolism following chemical activation of 
the fatty acid by desaturation or they involve a . 
chemical reaction that is mechanistically similar -toli:;-^^ 
desaturation. Many of these fatty acids and derival^ves>fiii i 
having such features within their structure cbul^ prove "^^'^^^^ ' 

20 commercially useful if an agronomically viable species " - 
could be induced to synthesize them by Introduction of a 
gene encoding the appropriate desaturase. Of particular ; 
interest are vegetable oils rich in 12-hydroxy9ctadeca- 
9-enoic acid (ricinoleic acid) • Ricinoleic acid and its 

25 derivatives are widely used in the manufacture^^of uiU^^- * 
lubricants, polymers, cosmetics,, coatings and , ; lite^^^^^^^ 
pharmaceuticals (e.g., see Gunstone, et. al., Eds., J : 
(1986) The Lipids Handbook, Chapman. and, Hal l.,Ltd;i,. , 
Cambridge) . The only commercial source of ricinoleic 

30 acid is castor oil and 100% of the castor oil used by 
the U.S. is derived from beans grown elsewhere^ in the 
world, mainly Brazil. Ricinoleic acid in castor beans 
is synthesj 
the delta- 

35 (1966) J. Biol. Chem. 241: 5806-5812). ^This^reacticm;]: ^f: : 

- . ^ i .4 
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resembles the initial reaction in a possible mechani'Smt?.:!-^ 
for the desaturation of oleate at the delta- f2tW^i^i^^*^*^ 
to linoleate since dehydration of 12-hydroxyoctadeca-9- 
enoic acid/ by an enzyme activity analogous to the 
5 hydroxydecanoyl dehydrase of E. coli (Cronan et al. 
(1988) J. Biol. Chem. 263:4641-4646), would result in 
the formation of linoleic acid. Evidence for the 
hydroxylation reaction being part of a general mechanism 
of enzyme-catalyzed desaturation in eukaryotes has been 
10 obtained by substituting a sulfur atom in the plaqe of 
carbon at the delta-9 position of stearic acid. When 
incubated with yeast cell extracts the thiostearate was 
converted to a 9-sulf oxide (Buist et al. (1987) 
Tetrahedron Letters 28:857-860). This sulfoxidatio3ftf,:wa^.sf 
15 specific for sulfur at the delta-9 position and did not 
occur in a yeast delta-9-desaturase deficient mutant; : 
(Buist & Marecak (1991) Tetrahedron Letters 32: 8511-894;) 
The g-^sulf oxide is the sulfur analogue .of ^9-hydroxyoc^^ 
decastearate, the proposed intermediate ,of stearate ^ 
20 desaturation. 

Hydroxylation of oleic acid to ricinoleic. acid in 
castor bean cells, like microsomal desaturation of ^ 
oleate in plants, occurs at the delta- 12 position of the 
fatty acid at the sn-2 position of phosphatidylcholine 
in microsomes (Bafor et al. (1991) Plant Physiol • . lijni ; -^^ 



280:507-514). Furthermore, castor oleate deltaTrl 2 



hydroxylation and plant oleate microsomal diglta-lg^^.^ 
desaturation are both inhibited by iron chelators and^ 
require molecular oxygen [Moreau & Stun?>f (1981) Plant 
30 Physiology 67:672-676; Somerville, C. (1992) MSU-DOE 1. 'i 
Plant Research Laboratory Annual Report). These, 
biochemical similarities in conjunction, with, the, : . \ 

observation that antibodies raised against cytochrbmej.^^^ 

completely inhibit the activities qf ,botfe ??ifa|^o;i|riieA^ 
35 delta-12 desaturation in saf flower .microsomes and, oleate 
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delta-12 hydroxylase in castor microsomes fS6merw-ijli#,^f^*Si^^ 



C. (1992) MSU-DOE Plant Research Laboratory Jton^^r; J 
Report] comprise strong evidence that the hydroxylase 
and the desaturase are functionally related. It seems 
5 reasonable to assume, therefore, that the nucleotide 
sequence encoding a plant delta-12 desaturase would be 
useful in cloning the oleate hydroxylase gene from 
castor by sequence-dependent protocols. For example, by 
screening a castor DNA library with oligomers based on 

10 amino acid regions conserved between delta-12 

desaturases, or regions conserved between delta-12 and 
other desaturases, or with oligomers based on amino 
acids conserved between delta-12 desaturases and known 
membrane-associated hydroxylases. . It would be more- ^ 

15 efficient to isolate the castor, oleate hydroxylase cDNA 
by combining the Sequence dependent protocols withl^^^i i;. 
"differential" library approach. One examplie^ oi suteh^^a^ 
difference library would be based on different [stages o^^ 
castor seed development, since ricinoleic acid. is .not 

20 synthesized by very young castor seeds (less than 

12 DAP, corresponding to stage I and stage II seeds in 
the scheme of Greenwood & Bewley, Can. J. Bot. (1982) 
60:1751-1760)/ in the 20 days following these early 
stages the relative ricinoleate content increases from, 

25 0% to almost 90% of total seed fatty acids .( James etial., 
Biochem. J. (1965) 95:448-452/_Canyin,j,Can^;i^ 
Physiol. (1963) 41:1879-1885). Thus it w^^ 
possible to make a cDNA "difference" library made from 
mRNA present in a stage when ricinoleic acid wag vf^?;f[ 

30 synthesized at a high rate but from which mRNA present ' - 
in earlier stages was removed. For the earlier stage 
mRNA, a stage such as stage II (10 DAP) when ricinoleic i 
acid is not being made but when other unsaturated; fatty^ ' U 
acids are, would be appropriate. The const r\j ctyiori of r ' .^-^ 

35 libraries containing only differentially e^^ressed genes • 
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• . ... * 

is well known in the art (Sargent. Meth.- Enzyinp^l. 
152:423-432). Assembly of the free ricinoleic acid>^. 
ricinoleoyl-CoA, into triacylglycerol is readily 
catalyzed by canola and safflower seed microsomes (Bafor . 
* 5 et al., Biochem J. (1991) 280:507-514, Wiberg et al, 

10th International Symposium on the Metaboliism, Strucure 
& Function of Plant Lipids (1992), Jerba, Tunisia) and 
ricinoleic acid is removed from phosphatidylcholine by. a 

lipase common to all oilseeds investigated. Thus, 

10 expression of the castor bean oleate hydroxylase gene in ' 
oil crops, such as canola seeds and soybeans, would be 
expected to result in an oil rich in triglycerides 
containing ricinoleic acid. I 

' StlMMARY QF THE TMVRWTTOW -.vui-r^^ * ' 

15 Applicants have discovered, a means to control the 

nature and levels of unsaturated fatty acids in plants. 
Nucleic acid fragments from cDNAs or. genes encoding-^ 
fatty acid desaturases are used to create chimeric:; r 
• genes. The chimeric genes may be used to transform'. 

20 various plants to modify the fatty acid compqsition^.of . . 
the plant or the oil produced by the plant. More^.. 
specifically, one embodiment of the invention is an . • 
isolated nucleic acid fragment comprising a nucleotide 

sequence encoding- a fatty acid desaturase or a fatty 

.. .... .. .'^onuj^at ?<jyXQi»^:vj.i,^^^f>y..^.. --[^ 

25 acid desaturase-related enzyme with an amino acid - tK /^ 
identity of 50%, 60%, 90% or greater respectively to the 
polypeptide encoded by SEQ ID N0S:1, 3, 5, 7, 9, il,vOr 
15. Most specifically, the invention pertains , to .a gene 
sequence for plant microsomal delta-12 fatty acid 

30 desaturase or desaturase-related enzyme. The plant in ' ^ * 
this embodiment may more specifically be soybean, . . ^ 
oilseed Brassica species, ArabidQPsis thalianar castor, . 
and corn. ... /'.-^^.''r 

Another embodiment of this invention involves^ the ''''' ' 

35 use of these nucleic acid fragments in sequence7.\ ^ / 
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.. . ••"■• -^i;••^V'f■ 
dependent protocols. Examples include use of ^fehe^ 
fragments as hybridization probes to isolate hucie6tx<ie'' 
sequences encoding other fatty acid desaturases or fatty 
acid desaturase-related enzymes, A related embodiment 
5 involves using the disclosed sequences for amplification 
of RNA or DNA fragments encoding other fatty acid 
desaturases or fatty acid desaturase-related enzymes . 

Another aspect of this invention involves chimeric 
genes capable of modifying the fatty acid composition in 

10 the seed of a transformed plant, the gene comprising 
nucleic acid fragments related as defined to S£Q ID 
N0S:1, 3, 5, 7, 9, or 15 encoding fatty acid desaturases 
or SEQ ID N0S:11 encoding a desaturase or desaturase-^ ; 
related enzyme operably-linked in suitable or lent alb iox;?- 

15 to suitable regulatory sequences. Preferred are those 
chimeric genes which incorporate nucleic acid .fragments*; 
encoding microsomal delta-12 fatty acid desatutasenor ' ! ■ 
desaturase-related enzymes. 

Yet another embodiment of the invention involves, a , 

20 method of producing seed oil containing altered levels 
of unsaturated fatty acids comprising: (a) transforming 
a plant cell with a chimeric gene described above; 
(b) growing sexually mature plants from the transformed 
plant cells of step (a); (c) . screening ^progeny seeds^rv 

25 from the sexually mature plants, of step (b> for^the' / • 

desired levels of unsaturated fatty acids, and \ 

^ / . - - '-.i. - - -»* -'••*j*\f 

(d) processing the progeny seed of step (c) to, obtain 
seed oil containing altered levels of the unsaturated 
fatty acids. Preferred plant cells and oils are derived 



30 from soybean, rapeseed, sunflower, cotton, cocoa, 

peanut, saff lower, coconut, flax, oil palm, and corn. 
Preferred methods of transforming such .plant c^lls would 
include the use of Ti and Ri plasmids of Agrobacterlum t r« 
electroporation, and high-velocity ballistic 

35 bombardment. 
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The invention also is embodied in a meth<^:^?JRF^ - 
breeding to obtain altered levels of oleic acids in the 
seed oil of oil producing plant species. This method 
involves (a) making a cross between two varieties of oil 
5 producing plant species differing in the oleic acid 

trait; (b) making a Southern blot of restriction enzyme 
digested genomic DNA isolated from several progeny 
plants resulting from the cross; and (c) hybridizing the 
Southern blot with the radiolabelled nucleic acid 

10 fragments encoding the fatty acid desaturases or 
desaturase-related enzymes. 

The invention is also embodied in a method of RFLP 
mapping that uses the isolated microsomal delta-12 i < v 

desaturase cDNA or related genomic fragments , described:, ;;r 

15 herein. 

The invention is also embodied in plants papaJdl^i.^^^^ 
producing altered levels of fatty acid desaturase/'by|;^4 
virtue of containing the chimeric genes described 
herein. Further, the invention is embodied by seed oil 
20 obtained from such plants. -'^ p> 1 • 

BRIEF DE5CRTPTTQN QF THE SEQUENCE DESCRTPTIQNy^ ! ■ 

The invention can be more fully understood from the 
following detailed description and the Sequence 
Descriptions which form a part of this application. t r The ^\ 

25 Sequence Descriptions contain 1:he three letterycode^ tot,^:^.} . 
amino acids as defined in 37 C.F.R. 1.^822 which are 
incorporated herein by reference. 

SEQ ID N0:1 shows the 5' to 3' nucleotide sequ^.n(p(B 
of 1372 base pairs of the Arabidopais thaliana cDNA; \ \ ; i ^ : 

30 which encodes microsomal delta-12 desaturase. ^ 
Nucleotides 93-95 and nucleotides 1242-1244 are, 
respectively, the putative ini^i^ation^ codon^|nd^ 
termination codon of the open readipg^faname 
93-1244). Nucleotides 1-92 and 124.5-1372 arer.,w ' ^ 

35 respectively, the 5* and 3' untranslated nucleotides,. : 
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SEQ ID NO: 2 is the 383 amino acid protein* fsequehcW^^^ 
deduced from the open reading frame (nucleotides ,93Tl244rA^t,:j 
in SEQ ID N0:1. 

SEQ ID NO: 3 shows the 5' to 3* nucleotide sequence 
5 of 1394 base pairs of the Brasaica na pua cDNA which 
encodes microsomal delta-12 desaturase in plasmid 
pCF2-165d, Nucleotides 99 to 101 and nucleotides 1248 
to 1250 are, respectively, the putative initiation codon 
and the termination codon of the open reading frame 
10 (nucleotides 99 to 1250) . Nucleotides 1 to 98 and 1251 
to 1394 are, respectively, the 5' and 3' untranslated 
nucleotides. 

SEQ ID NO: 4 is the 383 amino acicL protein sequence ' ' 
deduced from the open reading frame (nucleotides. ^99 to-<^'^ 
15 1250) in SEQ ID N0:3, . ' vUU ; 

SEQ ID MO: 5 shows the 5*' to 3' nucleotide is equi^cje^vh 
of 1369 base pairs of soybean f Glyclne max ^ cDNA which^ ^^^'K^^^^^ ; 
encodes microsomal delta-12 desaturase in plasmid , , 
pSF2-169K. Nucleotides 108 to 110 and nucleotides 1245 . 
20 to 1247 are, respectively, the putative initiation codon 
and the termination codon of the open, reading frame 
(nucleotides 108 to 1247) . Nucleotides 1 to 107 ,and 
1248 to 1369 are, respectively, the 5' and 3* V , « 
untranslated nucleotides* ^ , vi^ vlr ;^^.-- 

25 SEQ ID NO: 6 is the 381. amino acid protein j:sequ^hd6^v^r^ ^ 

deduced from the open reading frame, (nucleotides ^113 to 
1258) in SEQ ID N0:5. . ^ / ^ ^ " 

SEQ ID NO: 7 shows the 5* to 3' nucleotide sequence 
of 1790 base pairs of corn <zea mays.) cDNA which ehcodes /^i * . 
30 microsomal delta-12 desaturase in plasmid pFad2#l,\ 

Nucleotides 165 to 167 and nucleotides 1326 to 1328 are, • 

respectively, the putative initiation codon and the. ^V ' ; 

1.:' nucl^o'::l:;i^Krse%Si^^0i.''^Yi^1 
termination codon of the open reading , frame (nuclebtides ■ * 

164 to 1328). Nucleotides 1 to 163 and 1329 to 1790 ' 



5 - l.j 
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are, respectively; the 5' and 3* untranslated 
nucleotides. 

SEQ ID NO: 8 is the 387 amino acid protein sequence 
deduced from the open reading frame (nucleotides 164 to- 
5 1328) in SEQ ID NO: 7. 

SEQ ID NO: 9 shows the 5* to 3' nucleotide sequence 
of 673 base pairs of castor (Ricinus communis) 
incomplete cDNA which encodes part of a microsomal 
delta-12 desaturase in plasmld pRF2*-lC. The sequence 
10 encodes an open reading frame from base 1 to base 673 • 

SEQ ID NO: 10 is the 219 amino acid protein sequence 
deduced from the open reading frame (nucleotides 1 to 
657) in SEQ ID N0:9. 

SEQ ID NO: 11 shows the 5' to 3' nucleotide- g^5pien|2e/ 
15 of 1369 base pairs of castor fRieinus eommunlsV cDNA . 
which encodes part of a microsomal delta-12 desaturase^: 
or desaturase-related enzyme in plasmid pRF197C-42. 
Nucleotides 184 to 186 and nucleotides 1340 to 1342 are, , 
respectively, the putative initiation codon and the 
20 termination codon of the open reading frame (nucleotides . 
184 to 1347). Nucleotides 1 to 183 and 1348 to 1369 
are, respectively, the 5* and 3' untranslated 
nucleotides, , ^ .^^.^ , ; * . v : , 

SEQ ID NO: 12 is the 387 amino acid protein^ sequence:^ 
25 deduced from the open reading frame (nucleotides 184 to 
1342) in SEQ ID N0:11. 

SEQ ID NO: 13 is the sequence of a set of 64-fold 
degenerate 26 nucleotide-long oligomers, designat^d^ NS3, ; 
made to conserved amino acids 101-109 of SEQ ID NO: 2, 
30 designed to be used as sense primers in PGR to^ isolate _ 
novel ^ 
or desaturase- 

SEQ ID NO: 14 is the sequence of a set of .64;r.fold 
degenerate and 26 nucleotide-long. oligomers, designated 
35 NS9, which is made to conserved amino acids 313-321 of 



sequences encoding microsonal . de Ita-^^^ ; 
saturase-like enzymes, , .. :4Htis^i^^aS:-":i-^ ! 



■i:\-y...' Jen. 



SEQ ID NO: 2 and designed to be used as antisense primers 
in PGR to isolate novel sequences encoding microsomal ' 
delta-12 desaturases or desaturase-like enzymes • 

SEQ ID NO: 15 shows the 5* to 3' nucleotide sequence 
of 2 973 bp of Arabidopsis thaliana genomic fragment 
containing the microsomal delta- 12 desaturase gene 
contained in plasmid pAGF2-6. Its nucleotides 433 and 
.2938 correspond to the start and end, respectively, of 
SEQ ID N0:1. Its nucleotides 521 to 1654 are the 1134 
bp intron. 

SEQ ID NO: 16 is the sequence of a set of 256-fold ' 
degenerate and 25 nucleotide-long oligomers, designated 
RB5a, which is made to conserved amino acids 318-326 of 
SEQ ID NO: 2 and designed to be used as antisensf'|j|i^^^|^) 
in PGR to Isolate novel sequences encoding microsonillli .| 
delta-12 desaturases or desaturase-like enzymes. 

SEQ ID NO: 17 is the sequence of a set of 128-fpId^^ 
degenerate and 25 nucleotide-long oligomers, designated 
RB5b, which is made to conserved amino acids 318-326 of ^ 
SEQ ID NO: 2 and designed to be used as antisense primers 
in PGR to isolate novel sequences encoding micrpspmal 
delta-12 desaturases or desaturase-like enzymes, 

DETAILED DESCRIPTION OF THE INVENTION - . | ; 

l^plicemts have isolated nucleic jacid fragment s^ 
that encode plant fatty acid desaturases and that are 
useful in modifying fatty acid composition in oil- 
producing species by genetic transformation, -y^,;;,^ 

Thus, transfer of the nucleic acid fragments of ^jbhe 
invention or a part thereof that encodes a functional 



enzyme, along with suitable regulatory sequences .that> 
direct the transcription of their mRNA, into a living'-- !: 
cell will result in the production or. over-production of 
plant fatty acid desaturases and wili result ^in^^ .^^^^ 
increased levels of unsaturated fatty acids in cellular 
lipids, including triacylglycerols . 



'■■V Viita.- 
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Transfer of the nucleic acid fragments of the 
invention or a part thereof, along with suitable 
regulatory sequences that direct the transcription of 
their antisense RNA, into plants will result in the 
5 inhibition of expression of the endogenous fatty acid 
desaturase that is substantially homologous with the 
transferred nucleic acid fragment and will result in 
decreased levels of unsaturated fatty acids in cellular 
lipids, including triacylglycerols • 

10 Transfer of the nucleic acid fragments of the 

invention or a part thereof, along with suitable 
regulatory sequences that direct the transcription of 
their mRNA, into plants may result in ' inhibit ioti by 
cosuppression of the expression of the endogenp^|^i|a|p|^^f 

15 acid desaturase gene that is substantially homologbu^'^y^ 
with the transferred nucleic acid fragment and may 
result in decreased levels of unsaturated fatty^ acids in 
cellular lipids, including triacylglycerols. 

The nucleic acid fragments of the invent ion ^xan^ 

20 also be used as restriction fragment length polymorphism* 
(RFLP) markers in plant genetic mapping and plant _ 
breeding programs. ^ : I ! 

The nucleic acid fragments of the invention or.:!'; 
oligomers derived therefrom can also be used to isolate 

25 other related fatty acid desaturase genes using DNA, 
RNA, or a library of cloned nucleotide sequence^,. from 
the same or different species by well known sequence*^ ; . 
dependent protocols, including, for example, methods :6f- 
nucleic acid hybridization and anqplification by^the 

30 polymerase chain reaction. ^ U ^t^v^ ' 

Definitions . •^l^iVCr^V.*'i 
In the context of this disclosure, a number, of 
terms shall be used. Fatty acids are specified by the^^. 
•number of carbon atoms and the number and position of 

35 the double bond: the numbers before and .after t.he^.co^lon 
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refer to the chain length and the number of double 
bonds, respectively. - The number following the fatty- - '' -"^^^^^^^^ 
acid designation indicates the position of the double 
bond from the carboxyl end of the fatty acid with the 
5 "c" affix for the ci5-configuration of the double bond. 
For example, palmitic acid (16:0), stearic acid (18:0), 
oleic acid (18:1,9c), petroselinic acid (18:1, 6c), 
linoleic acid (18:2, 9c, 12c) , y-linolenic acid (18:3, 
6c,9c,12c) and Or-linolenic acid (18:3, 9c,12c,15c). 

10 Unless otherwise specified 18:1, 18:2 and 18:3 refer to - 
oleic, linoleic and linolenic fatty acids. Ricinoleic 
acid refers to an 18 carbon fatty acid with a ci5-9 
double bond and a 12-hydroxyl group. The term "fatty : 
acid desaturase" used herein refers to an enzyii^{j^|ii^^^^^^ 

15 catalyzes the breakage of a carbon-hydrogen bon^i and the^ 
introduction of a carbon-carbon double bond into a fatty * 
acid molecule. The fatty acid may be free or esterified 
to another molecule including, but not limited to,,^ acyl- c 
carrier protein, coenzyme A, sterols and the glycerol :U ' 

20 moiety of glycerolipids . The term "glycerolipid.. 

desaturases" used herein refers to a subset of the. fatty " ^ 
acid desaturases that act on fatty j^^^ 
esterified to a glycerol backbone. "Deita-12 
desaturase" refers to a fatty acid desaturase that; 

25 catalyzes the formation of a double bond bet ween. .carbon 

positions 6 and 7 (numbered from the methyl end)^,; .|i .ew , « 
those that correspond to carbon positions 12 and 13;^^ / f'/ 
(numbered from the carbonyl carbon) of an 18 carbon- long . 



30 



fatty acyl chain. "Delta-15 desaturase" refers „to, a . i 

fatty acid desaturase that catalyzes the formation, pf. a , 

^ ■ > c - to : ■ j'^'mi^f^.:iW> ' 
double bond between carbon positions 3 and 4 (numbered'. v^- -^ ' 



from the methyl end), (i.e., those that correspond to 
carbon positions 15 and 16 (numbered from the carbonyl , 
carbon) of an 18 carbon- long fatty acyl chain. Examples 
35 of fatty acid desaturases include, but are not. limited- 
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to, the microsomal delta-12 and delta-15 desaturases 
that act on phosphatidylcholine lipid substrates; •tthe-r^^ri^w^^*' 
chloroplastic or plastid delta-12 and delta-15 
desaturases that act on phosphatidyl glycerol and 
galactolipids; and other desaturases that act on such 
fatty acid substrates such as phospholipids, galacto- 
lipids, and sulfolipids. "Microsomal desaturase" refers* 
to the cytoplasmic location of the enzyme, while 
"chloroplast desaturase" and "plastid desaturase" refer 
to the plastid location of the enzyme. These fatty acid 
desaturases may be found in a variety of organisms 
including, but not limited to, higher plants, diatoms, 
and various eukaryotic and prokaryotic microorganiisms^ : ' : : ^ 
such as fungi and photosynthetic bacteria and j^l.g^0|^^^^;V 
The term "homologous fatty acid desaturases" refers to 
fatty acid desaturases that catalyze the same 
desaturation on the same lipid substrate. Thus^ 
microsomal delta-15 desaturases, even from different . ^1 • 
plant species, are homologous fatty acid desaturases. 
The term "heterologous fatty acid desaturases" refers to 

fatty acid desaturases that catalyze desaturations- at . ! 

■ ■ v' ■ " ■ v-^ r: on six^--::. -^ t ■ 

different positions and/or on different lipid ^ -av'^iti 
substrates. Thus, for example, microsomal delta-12 and. 
delta-15 desaturases, which act on phosphatidylcholine 
lipids, are heterologous fatty acid desaturases, even 
when from the same plant. Similarly, microsomal ^ 
delta-15 desaturase, which acts on phosphatidylcholine. - ' 
lipids, and chloroplast delta-15 desaturase, which acts . 
on galactolipids, are heterologous fatty acid ^^.^j^^- :i : 
desaturases, even when from the same plant. It; should^, ; 





be noted that these fatty acid desaturases have j, never 
been isolated and characterized as proteins. 
Accordingly, the terms such as "delta-12 desaturase" and . 
"delta-15 desaturase" are used as a convenience to 
35 describe the proteins encoded by nucleic acid fragments 



•fill 
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that have been Isolated based on the phenotypic effects 
caused by their disruption.. They do not imply any ^' \ rr-w^ 
catalytic mechanism. For example/ delta-12 desaturase 
refers to the enzyme that catalyzes the formation of a 
5 double bond between carbons 12 and 13 of an 18 carbon 
fatty acid irrespective of whether it "counts" the * 
carbons from the methyl, carboxyl end, or the first 
double bond. The term "fatty acid desaturase-related 
enzyme" refers to enzymes whose catalytic product may 

10 not be a carbon-carbon double bond but whose mechanism 
of action is similar to that of a fatty acid desaturase 
(that is, catalysis of the displacement of a carbon- 
hydrogen bond of a. fatty acid chain to form a f attyHct ^ 
hydroxyacyl intermediate or end-product) . Examplgfl^^ly^^^ 

15 include delta-12 hydroxylase which means a delta-12 
fatty acid hydroxylase or the oleate hydroxylase 
responsible for the synthesis of ricinoleic acid f roni ^ 
oleic acid. ^ .\.v - ; - vj^,; 

The term "nucleic acid" refers to a large molecule 

20 which can be single- stranded or double-stranded,. . 

composed of monomers (nucleotides) containing a su,gar,- a ' 1- 
phosphate and either a purine or pyrimidine. A,.^nucle^..W>;^^? ^ 
acid fragment" is a fraction of a given nucleic ac^d 
molecule, in higher plants, deoxyribonucleic acid (DNA) 

25 is the genetic material while ribonucleic acid (RNA) is 

involved in the transfer of the information in DNA into v 
proteins. A "genome" is the entire body of genetic^ . 

material contained in each cell of an organism. The 

' . i 

. term "nucleotide sequence" refers to the sequence of vPNA^^^^^^'^- 

* V* ^ *^_^rj''" ' ■ \ i . ■ ■ . 

30 or RNA polymers, which can be single- or double-^ rv-j-i .;;:- 
stranded, optionally containing synthetic, non-natural 
or altered nucleotide bases capable of incorporation 
into DNA or RNA polymers. The term "oligomer" J^ef^rs to 
short nucleotide sequences, usually up to 100 bases :r;: 

35 long. As used herein, the term "homologous to" refers- 

• . .. ^^u^a^v • -a: ^ * 
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to the relatedness between the nucleotide sequence of . 
two nucleic acid molecules or between the amino acid ' 
sequences of two protein molecules. Estimates of such 
homology are provided by either DNA-DNA or DNA-RNA 
5 hybridization under conditions of stringency as is well 
understood by those skilled in the art (Hames and 
Higgins, Eds. (1985) Nucleic Acid Hybridisation, IRL 
Press, Oxford, U.K.); or by the comparison of sequence 
similarity between two nucleic acids or proteins, such 
10 as by the method of Needleman et al. (J. Mol. Biol. 
(1970) 48:443-453). As used herein, "substantially 
homologous" refers to nucleotide sequences that have 
more than 90% overall identity at the nucleotide ieyel;^^ 
with the coding region of the claimed sequence/^; s^ijcli^^.a^^ 

15 genes and pseudo-genes corresponding to the coding 

regions . The nucleic acid fragments described herein 
include molecules which comprise possible variations, • 
both man-made and natural, such as but not limited to • ' " 
(a) those that involve base changes that do not cause a 

20 change in an encoded amino acid, or (h) which involve i 
base changes that alter an amino acid but do not ,affecfe 
the functional properties of the protein encoded Jby the : ' * ' 
DNA sequence, (c) those derived from deletions, 
rearrangements, amplifications, random or controlled 

25 mutagenesis of the nucleic acid fragment, and (d) even 

occasional nucleotide sequencing errors. : . ^ 

"Gene" refers to a nucleic acid fragment that 
expresses a specific protein, including regulatory^ 
sequences preceding (5* non-coding) and following J(3i?- ^/ * 

30 non-coding) the coding region. "Fatty acid desatutai^e 
gene" refers to a nucleic acid fragment that expresses a 
protein with fatty acid desaturase activity. "Native" 
gene refers to an isolated gene with its own regulatory f 
sequences as found in nature. "Chimeric gene" ref^ers^' to i 

35 a gene that comprises heterogeneous regulatory and . 
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coding sequences not fovind in nature. ••Endogenous" gene 
xfefers to the native gene normally found in its natural 
location in the genome and is not isolated. A "foreign" 
gene refers to a gene not normally found in the host 
5 organism but that is introduced by gene transfer. 

"Pseudo-gene" refers to a genomic nucleotide sequence 
that does not encode a functional enzyme. 

"Coding sequence" refers to a DNA sequence that 
codes for a specific protein and excludes the non-coding 

10 sequences. It may constitute an "uninterrupted coding 
sequence" r i.e.^ lacking an intron or it may include one 
or more introns bounded by appropriate splice junctions. 
An "intron" is a nucleotide sequence that is transcribed; 
in the primary transcript but that is removed through ^.^^^r^ 

15 cleavage and re-ligation of the RNA within the cell to , 
create the mature mRNA that can be translated into a 
protein. \ 

"Initiation codon" and "termination codon" refer to 
a unit of three adjacent nucleotides in a coding^ 

20 sequence that specifies initiation and chain 

termination^ respectively, of protein synthesis^ (ntfOIA:: 
translation) . "Open reading frame" refers to the ^coding 
sequence uninterrupted by introns between initiation and 
termination codons that encodes an amino acid sequence. 

25 "RNA transcript" refers to the product resulting, 

from RNA polymerase-catalyzed transcription of a DNA 
sequence. When the RNA transcript is a, perfect 
complementary copy of the DNA sequence, it is referred 
to as the primary transcript or it may be a RNA sequeihce ^ 

^ , . ... "^:)^thzm' 

30 derived from posttranscriptional processing of the ^ 

primary transcript and is referred to as the mature ^RNA. 
"Messenger RNA (mRNA) " refers to the RNA that is without 
introns and that can be translated into protein by the 
cell. "cDNA" refers to a double-stranded DNA that is 

35 complementary to and derived from mRNA. "Sense" RNA 
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refers to RNA transcript that includes the mRNA. * * . 
""Antisense RNA** refers to a RNA transcript that is 
complementary to all or part of. a target primary 
transcript or mRNA and that blocks the expression of a 
5 target gene by interfering with the processing, 

transport and/or . translation of its primary transcript 
or mRNA. The complementarity of an antisense RNA may be 
. with any part of the specific gene transcript, i.e., at 
the 5* non-coding sequence, 3' non-coding sequence, 

10 Introns, or the coding sequence. In addition, as used 
herein, antisense RNA may contain regions of ribozyme 
sequences that increase the efficacy of antisense RNA to 
block gene expression. "Ribozyme" refers to a catialytic ' 
RNA and includes sequence-specific endoribonucleaises<.v:^>;^^^^ 

15 As used herein, "suitable regulatory sequences" « 

refer to nucleotide sequences in native or chimeric 
genes that are located upstream (5*), within, and/or. ^ ; 
downstream (3') to the nucleic acid fragments of the 

4 ■ 

invention, which control the expression of the nucleic 

20 acid fragments of the invention. The term "expression", 
as used herein, refers to the transcription and stable ' 
acciimulation of the sense (mRNA) or the antisense RNA 
derived from the nucleic acid fragment (s) of the,, 
invention that, in conjunction with the protein 

25 apparatus of the cell, results in altered levels of , i the ; 
fatty acid desaturase (s) . Expression or overexpressibh * 
of the gene involves transcription of the gene and 
translation of the mRNA into precursor or mature^f^||y^ 
acid desaturase proteins. "Antisense inhibition" -refersli 

30 to the production of antisense RNA transcripts caijable 
of preventing the expression of the target protein..,/ 
"Overexpression" refers to the production of a gene 
product in transgenic organisms that exceeds leyels^of 
production in normal or non-transformed organisms. , 

35 "Co suppress ion" refers to the expression of a foreign^ 

..'^ mi . 
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gene which has sxibstantial homology to an endogenous- ^ 
gene resulting in the suppression of expression of both 
the foreign and the endogenous gene. "Altered levels" 
refers to the production of gene product (s) in 
5 transgenic organisms in amounts or proportions that 

differ from that of normal or non-transformed organisms. 

"Promoter" refers to a DNA sequence in a gene, 
usually upstream (5') to its coding sequence, which 
controls the expression of the coding sequence by 

10 providing the recognition for RNA polymerase and other 
factors required for proper transcription. In 
artificial DNA constructs promoters can also be used to 
transcribe antisense RNA. Promoters may also contaliti* - ; 
DNA sequences that are involved in the binding - pf,.^ j;./r:i^,^tr 

15 protein factors which control the effectiveness of 

transcription initiation in response to physiological or 
developmental conditions. It may also contain enhancer 
elements. An "enhancer" is a DNA sequence which can • 
stimulate promoter activity. It may be an innate 

20 element of the promoter or a heterologous element 

inserted to enhance the level and/or tissue-specificity 
of a promoter. "Constitutive promoters" refers ,to^ th(Dse 
that direct gene expression in all tissues and at all , 
times. "Tissue-specific" or "development-specific^; 

25 promoters as referred to herein are those that direct- 
gene expression almost exclusively in specific tissues, 
such as leaves or seeds, or at specific development 

stages in a tissue, such as in early or late . 

. J ns€:Ci' to 

embryogenesis, respectively. ■ 
30 The "3' non-coding sequences" refers to the ..DNA 

sequence portion of a gene that contains a [ 
polyadenylation signal and any other regulatory signal 
capable of affecting mRNA processing or gene expression. 

The polyadenylation signal is usually characterized by 

1 . * * 
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• affecting the addition of polyadenylic acid tracts to Kl-^ 
the 3* end of the rhRNA precursor. 

"Transformation" herein refers to the transfer of a 
foreign gene into the genome of a host organism and its 
5 genetically stable inheritance. "Restriction fragment 
length polymorphism" (RFLP) refers to different sized 
restriction fragment lengths due to altered nucleotide 
sequences in or around variant forms of genes. 
"Molecular breeding" refers to the use of DNA-based 
10 diagnostics, such as RFLP, RAPDs, and PCR in breeding. 
"Fertile" refers to plants that are able to propagate 
sexually. 

"Plants" refer to photosynthetic organisms? bbth ;•' : ' ' 
eukaryotic and prokaryotic, whereas the term ^^High^r,,-^^;,^^^^^^^^^^ 

15 plants" refers to eukaryotic plants. "Oil-producing ^ ^ : 

species" herein refers to plant species which produce v^^ -. 
and store triacylglycerol in specific organs, pfimkrii^ 
in seeds. Such specials include soybean ( Glycine mas)/ 
rapeseed and canola (including Brassica napiiS, B. 

20 .campestris)/ sunflower (Helianthus annu^) , cotton , : 

.IlW tttKl "2^3 • 

(Goissypimn hirswtum) , corn (.zeamays.), cocoa ( Theobroma . ; ■ . 
fiacafi) , saf flower (Carthamws tinctorius^ , oil palm 
fElaeis yuineensis> , coconut jpalm r Cocos nucifera ) , f lax V 
(Llimni ttSltatiSSimum) r castor (Ricinus eommuniaf Tand 
25 peanut fArachis h yp o gaea ^ . The group also includes hon- 
agronomic species which are useful in developing^ .^^^^ 
appropriate expression vectors such as tobacco, rapid 
cycling BraSSica species, and Arabidopaia thallana, and 
wild species which may be a source of unique fattvi -w. :^ ^ 
30 acids. \ 

"Sequence-dependent protocols" refer to techniques : 4 ; 
that rely on a nucleotide sequence for their utility^^ , 
Exair^les of sequence- dependent protocols include, ^^ut;^^ 
are not limited to, the methods of nucleic acid and 
35 • oligomer hybridization and methods of DNA and RNA 
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antpllf Ication such as are exemplified in various uses of 
the polymerase chain reaction (PCR) . . ' '^^-^ 

Various solutions used in the experimental 
manipulations are referred to by their common names such 
5 as "SSC"^ "SSPE", "Denhardt's solution", etc. The 

composition of these solutions may be found by reference 
to Appendix B of Sambrook, et al. (Molecular Cloning, A 
Laboratory Manual, 2nd ed. (1989), Cold Spring Harbor 
Laboratory Press) . . 
10 T^DNA Mutagenesis and Tdentif ical^inn of an 

ArabidoDsis Mutant Defective in 

. Microsomal Pelta-12 Desatwrnion 
In T-DNA mutagenesis (Feldmann, et al.. Science . s? 
(1989) 243:1351-1354), the integration of TrDNA^in/tSi!^^ 

15 genome can interrupt normal expression of the gene at or 

near the site of the integration. If the resultant ^ - -v^^^^ 
mutant phenotype can be detected and shown genetically ^- ' ^ 
to be tightly linked to the T-DNA insertion, then the 
"tagged" mutant locus and its wild type counterpart can- • ^ t 

20 be readily isolated by molecular cloning by one skilled^ 
in the art. 

Arabidopsis thaliana seeds were transformed by , 
Agrobactierium tumefaciens CSSClrif Strain harboring _the - 
avirulent Ti-plasmid pGV3850: :pAK1003 that has the. T-DNA 

25 region between the left and right T-DNA borders replaciea" 
by the origin of replication region and ampicillin 
resistance gene of plasmid pBR322, a bacterial kanamycin. . i 
resistance gene, atnd a plant kanamycin reisistance gene : 
(Feldmann, et al., Mol. Gen. Genetics (1987) 2()§:1-;|9) . \ . ' • i 

30 Plants from the treated seeds were self-fertilized and 
the resultant progeny seeds, germinated in the presence^ 
of kanamycin, were self-fertilized to give rise to a;. - . C-r* 
population, designated T3, that was segregating^ for. c 
T-DNA insertions. T3 seeds from approximately 1700, T2 

35 plants were germinated and grown under controlled.. 
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environment. One leaf from each of ten T3 plants of each 
line were pooled and analyzed for fatty acid . .. . .....^^ 

composition. One line, designated 658, showed an 
incresed level of oleic acid (18:1). Analysis of twelve 
5 individual T3 seeds of line 658 identified two seeds 
that contained greater than 36% oleic acid while the 
remaining seeds contained 12-22% oleic acid. The mutant 
phenotype of increased level of oleic acid in leaf and 
seed tissues of line 658 and its segregation In 

10 individual T3 seeds suggested that line 658 harbors a 
mutation that affects desaturation of oleic acid to 
linolelc acid in both leaf and seed tissues. When 
approximately 200 T3 seeds of line 658 were tested for 
their ability to germinate in the presence o%irJq^anam^^ 

15 four kanamycin-sensitive seeds were identified, 

suggesting multiple, possibly three, T-DNA inserts in-'. ^ , 
the original T2 line. When progeny seeds of 100 ./ ' 

individual T3 plants were analyzed for fatty acid 
composition and their ability to germinate on ,kanamycin, /• 

20 one plant, designated 658-75, was identified. whose 
progeny segregated 7 wild type: 2 mutant for the^_^ 
increased oleic acid and 28 sensitive: 60 resistant, for 
kanamycin resistance. Approximately 400 T4 prpgeny . ; 
seeds of derivative line 658-75 were grown and their 

25 leaves analyzed for fatty acid composition. Ninety one " 
of these seedlings were identified as homozygous for the 
mutant (high oleic acid) phenotype. Eighty-three^ of ; - 
these homozygous plants were tested for the pr^^^ence of 
nopaline, another marker for T-DNA, and all of thero^Were ' 

30 nopaline positive. On the basis of these genetic . : 

studies it was concluded that the mutation in , microsomal - . 
delta-12 desaturation was linked to the T-DNA. ■ >cX , . 
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Isolation of Arabidopsis 65S-75 Genomic DMA 
Containing the Disrupted Gene Controlling 
Microsomal Delta-12 Desaturat^ion 

In order to isolate the gene controlling microsomal 
5 delta-12 desaturation from wild-type Arabidopflls , a 
T-DNA-plant DNA "junction" fragment containing a T-DNA 
border integrated into the host plant DNA was isolated 
from the homozygous mutant plants of the 658-75 line of 
Arabidopsis^ For this, genomic DNA from the mutant 

10 plant was isolated and completely digested by either Bam 
HI or Sal I restriction enzymes. In each case, one of 
the resultant fragments was expected to contain the 
origin of replication and ampicillin-resistance gene of 
PBR322 as well as the left T-DNA-plant DNA junction >^j'>^.Ji7 

15 fragment. Such fragments were rescued as plasmids by ^ 
ligating the digested genomic DNA fragments at a dilute^ 
concentration to facilitate self-ligation and„tlien using 
the ligated fragments to transform fi. coli cells. While, 
no aitqpicillin-resistant colony was obtained from the. 

20 plasmid rescue of Sal I-digested plant genomic DNA, a 

single ampicillin-resistant colony was obtained from the 
plasmid rescue of Bam Hl-digested plant genomic DNA. 
The plasraid obtained from this transformant was 
designated p658-l; Restriction analysis of plasmid^ .^^^^^ 

25 p658-l with Bam HI, Sal I and Eco RI restriction enzymes 
strongly suggested that it contained the expected.__ ^ , 
14.2 kb portion of the T-DNA (containing pBR322 . • 

sequences) and a putative plant DNA/le ft T-DNA ^border 
fragment in a 1.6 kB Eco RI-Bam HI fragment. The 1.6 kb 

30 Eco RI-Bcun HI fragment was subcloned into pBluescript SK 
[Stratagene] by standard cloning procedures describt^d in 
Sambrook et al,, (Molecular Cloning, A Laboratory , . 
Manual, 2nd ed. (1989), Cold Spring Harbor Laboratory 
Press) and the resultant plasmid, designated pS^658^.^^ . 
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IsQlafcion of Microsomal Delta^l2 Desaturase cDNA 

and Gene from Wild type ArabidQPSis.,,^ 
The 1.6 Jcb Eco RI-Bam HI fragment, , which contained 
the putative plant DNA flanking T-DNA, in plasmid p658-l . 
5 was isolated and used as a radiolabeled hybridization 
probe to screen a cDNA library made to polyA**" mRNA from 
the above-ground parts of ArabidOPSlS thaliana plants, 
which varied in size from those that had just opened 
their primary leaves to plants which had bolted and were 

10 flowering [Elledge et al. (1991) Proc. Natl. Acad Sci. 
USA 88:1731-1735]. The cDNA inserts' in the library were 
made into an Xho I site flanked by Eco RI sites in 
lambda Yes vector [Elledge et al. (1991) Proc' Natl. 
Acad Sci. USA 88:1731-1735]. Of the several ipQSitlyej^^^^ 

15 hybridizing plaques, four were subjected to plaque , ; 
purification. Plasmids were excised from the purified .f-^^^^^^^ 
phages by site-specific recombination using t:he cre-lox 
recombination system in £. coli strain BNN132, [Elledge .; : : 
et al. (1991) Proc. Natl. Acad Sci. USA 88:1731-17351. : 

20 The four excised plasmids were digested by Eco RI ^ 

restriction enzyme and shown to contain cDNA_ inserts ' 
ranging in size between 1 kB and 1.5 kB. Partial ; | 

nucleotide sequence determination and restriction/enzyme , 
mapping of all four cDNAs revealed their conraion , H- 

25 identity. ^, ^ 

The partial nucleotide sequences of, two pDNAs^^, 
designated pSF2b and .p92103, containing inserts of ca.^ '^ 
1.2 kB and ca. 1.4 kB, respectively, were determined. 
The composite sequence derived from t^ese plasmid? . is . - 

30 shown as SEQ ID N0:1 and is expected to^be contained^ ' 
completely in plasmid p92103. SEQ ID N0:1 shows the 5';. 



to 3' nucleotide sequence of 1372 base pjairs^of.^tjie^^^^^^ ; 
Arabldopsis cDNA which encodes microsomal delta-12 fatty 
acid desaturase. Nucleotides 93-95 are the putatiye.^^.^ 
35 initiation codon of the open reading frame (nucleotijies 
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93-1244), (identified by con5>arison of other plant 
delta-12 desaturases in this application) . Nucleotides : 
1242-1244 are the termination codon. Nucleotides 1 to 
92 and 1245-1372 are the 5' and 3' untranslated 
5 nucleotides, respectively. The 383 amino acid protein 
sequence in SEQ ID NO: 2 is that deduced from the open 
reading frame and has an estimated molecular weight of 
44 kD. 

The gene corresponding to SEQ ID N0:1 was isolated 
10 by screening an Arabidopsis genomic DNA library using 

radiolabeled pSF2b cDNA insert, purifying the / ; 

positively-hybridizing plaque, and stibcloning a 6 kB 
Hind III insert fragment from the phage DNA in 
pBluescript vector. The sequence of 2973 nuclep:tid€i&^gq|^^^^ 
15 the gene is shown in SEQ ID NO: 15. Conparison of the , : 
sequences of the gene (SEQ ID NO: 15) and the cDNA (SEQ :f^p,v 
ID N0:1) revealed the presence of a single intron,of 
1134 bp at a position between nucleotide positions^ 88_ ^ 



and 89 of the cDNA, which is 4 nucleotides 5' to the c ' 
20 initiation codon. 

The 1.6 kB Eco RI-Bam HI genomic border fragment 
Insert in pS1658 was also partially sequenced^ from the 
Bam HI and Eco RI ends. Comparison of the nucleotide 
sequences of the gene (SEQ ID NO: 15), the cDNA (SEQ ID 
25 N0:1), the border fragment, and the published sequence 
of the left end of T-DNA (Yadav et al., (1982)' Proc. " 
Natl. Acad. Sci. 79:6322-6326) revealed that a) the . - ? %:tlf^i^ 
sequence of the first 451 nucleotides of the border,, - n S 1. 

fragment from the Bam HI end is collinear with that of -V . ^kw^fc^l^i:] ' 
30 nucleotides 539 (Bam HI site) to 89 oi^the cDNA, bX from ^Os-- " 
the Eco RI end, the border fragment is collinear from 
nucleotides 1 to 61 with that of the left end of T-DNA . . irvv 
(except for a deletion of 9 contiguous nucleotides at 
position 42 in the border fragment), and is collinear 

35 from nucleotides 57 to 104 with that of .nuclebtides \ . ^ ' r 

^.}:U^- t-s^ t:ir*. ' " ' ' 




wo 94/11516 



PCT/US93/09987 



30 

41-88 of the cDNA, and c) the sequence divergences 
between the border fragment and the.cDNA are due to the 
presence of the intron in the border fragment. These 
results show that the T-DNA disrupted the microsomal 
5 delta-12 desaturase gene In the transcribed relglon 

between the promoter and the coding region and 5* to the 
Intron in the untranslated secpaence. 

A phage DNA containing Arabldopsls microsomal 
delta-12 desaturase gene was used as a RFLP marker on a 

10 Southern blot containing genomic DNA from several 

progeny of Arabidopsis thaliana (ecotype Wasslleskl ja 
and marker line WlOO ecotype Landesberg background) 
digested with Hind III. This mapped the microsomal 
delta-12 desaturase gene 13,6 cM proximal to locusy ^Vft^^^, 

15 c3838r 9.2 cM distal to locus lAt228, and 4.9 cM 

proximal to Fad D locus on chromosome 3 [Koorneef, M. et ' 
al., (1993) in Genetic Maps, Ed. O'Brien, S. J.;^^Yadav 
et al. (1993) Plant Physiology Ifll: 467-476] . This . 
position corresponds closely to previously suggested . 

20 locus for microsomal delta-12 desaturation (Fad 2} ^ 
[Hugly, S. et al., (1991) Heredity 82:4321]. 

The open reading frames in SEQ ID N0:1 and^in, . 
sequences encoding Arabidopsi^a microsomal delta-15 
desaturase [WO 9311245], Arabldopsls piastid deltarl5 

25 desaturase [WO 9311245], and cyanobacterlal desaturase,/ 
des A, [Wada, et al.. Nature (1990) 347 : 200-203; Tcenlaank 
ID:CSDESA; GenBank Accession No:X53508] as well as their 

deduced amino acid sequences were compared by the method 

• . • • . ' . :rp'yruir • 

of Needleman et al. [J. Mol. Biol. (1970) 48:443-453] 
30 using gap weight and gap length weight values of 5.0 and 
0.3, respectively, for the nucleotide sequences; and 3,0 
and 0.1, respectively, for protein sequences. The ■ /" ; . 
overall Identities are summarized in Table 2. 
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TABLE 2 

Percent Identity Between Different Fatty Acid 
' Desaturases a1- fhe Niiclftof irif> anri At nlnn ArSri LeveLs • 











des A 


a2 


nucleotide 


48(8 gaps) 


46(6 gaps) 


43(10 gaps) 




amino acid 


39(9 gaps) 


34(8 gaps) 


24 (10 gaps) 


a3 


nucleotide 




65(1 gap) 


43(9 gaps) 




amino acid 




65(2 gaps) 


26(11 gaps) 


ad 


nucleotide 






43(9 gaps) 




amino acid 






26(11 gaps) 



a2, a3, ad^ and des A refer, respectively, to SEQ 
ID NO: 1/2, ArabidQPsia microsomal delta-15 desaturas6, ' 
ArabidQPSis plaistld delta-15 desaturase, and 
cyanobacterial desaturase, des A, The percent - 
5 Identities in each comparison are shown at both the - 

nucleotide and amino acid levels; the number of gaps • ' 
Imposed by the comparisons are shown in brackets 
following the percent identities. As ,expected,:bh 'the ■ 
basis of unsuccessful attempts in using delta-I5^..f atty 

10 acid nucleotide sequences as hybridization prqljes to J; 
Isolate nucleotide sequences encoding microsomal , 
delta-12 fatty acid desaturase, the overall honiplogy at: • 
the nucleotide level between microsomal delta-i2 , fatty 
acxd desaturase (SEQ ID N0:1) and the nucleotide^ 

15 sequences encoding the other three desaturases ^Is poor, 
(ranging between 43% and 48%) . .At the amino acid level 
too, the microsomal delta-12 fatty acid desaturase ijSEp 
ID N0:2) is poorly related to cyanobacterial des -ANciess 
than 24% identity) and the plant .delta-15 desaturases 

20 (less than 39% identity) . 

While the overall relatedness between the deduced 

the- * 

amino acid sequence of the said invention and the ^ 
published fatty acid desaturases is limited, more 



significant identities are observed in shorter stretches 
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of amino acid sequences in the above conqparisons • These 
results confirmed that the T-DNA in line 658-75 had 
interrupted the normal expression of a fatty acid 
desaturase gene. Based on the fatty acid phenotype of • 
5 homozygous mutant line 658-75, Applicants concluded that . 
SEQ ID N0:1 encoded the delta-12 desaturase. Further, 
Applicants concluded that it was the microsomal delta-12 
desaturase, and not the chloroplastic delta-12 
desaturase, since: a) the mutant phenotype was 

10 expressed strongly in the seed but expressed poorly, if 
at ail, in the leaf of line 658-75, and b) the delta-12 
desaturase polypeptide, by comparison to the microsomal 
and plastid delta-15 desaturase polypeptides 
[WO 9311245], did not have an N-terminal extension cof.^av.v 

15 transit peptide expected for a nuclear-encoded plastid * 
desaturase. 

Plasmid p92103 was deposited on October 16, 1992 
with the American Type Culture Collection of Rockville, 
Maryland under the provisions of the Budapest Tre^aty and 

20 bears accession number ATCC 69095. . _ 

. >tv^^'- O-v - 

Expression Of Microsomal Delta-12 Fatty Aci d Desaturase 

In Arabidopsis Fad2-1 Mutant To Complemeni: Its Mutation - 

In Fatty Acid Desaturation , , , .^^ - 

To confirm the identity of SEQ ID N0:1 ( Arabidopsis ; 

25 microsomal delta-12 fatty acid desaturase cDNA) a 

chimeric gene comprising of SEQ. ID N0:1 was transformed 
into an Arabidopsis mutant affected in microsomal ^ 
delta-12 fatty acid desaturation . For^this, the ca. 
1.4 kb Eco RI fragment containing the cpNA (SEQ ID NO: 1) 

30 was isolated from plasxhid p92103 and sub-cloned^ iii 

pGA748 vector [An et. al.(1988) Binary Vectors, ^ In:. . 
Plant Molecular Biology Manual. Eds Gelvin, S. B. et al. ^ 
Kluwer Academic Press], which was previously linearized 
with Eco RI restriction enzyme. In one of the resultant 

35 binary plasmid, designated pGA-Fad2,^ the^ cDNA yi^as^plag^d. 
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In the sense orientation behind the CaMV 35S promotor of 
the vector to provide constitutive expression. 

Binary vector pGA-Fad2 was transformed by the 
freeze/thaw method [Holsters et al. (1978) Mol. Gen. 
5 Genet. .163:181-187] into AarobaGterium tumefacleng 

Strain RIOOO, carrying the Ri plasmid pRiA4b from 
Agrobacterium rhizogenes [Moore et al., (1979) Plasmid 
2:617-626]- to result in transformants R1000/pGA-Fad2 . 

Agrobacterlum strains RIOOO and R1000/p6A-Fad2 were 

10 used to transform Arabidopsia mutant fad2-l [Miquel, 
& Browse, J. (1992) Journal of Biological Chemistry 
267:1502-1509] and strain RIOOO was used to transform 
wild type Arabidopsia , Young bolts of plants were 
sterilized and cut so that a single node was presentv^insr 

15 each explant. Explants were inoculated by Agrobacteria 
and incubated at 25^C in the dark on drug-free MS 
minimal organics medium with 30 g/L sucrose (Gibco) . . 
After four days, the explants were transferred to fresh 
MS medium containing 500 mg/L cefotaxime and 250 mg/ml 

20 carbenicillin for the counterselection of Ayrobacterium , 
After 5 days, hairy roots derived from R1000/p(3ArFad2 
transformation were excised and transferred to the same . 
medium containing 50 mg/ml kanamycin . Fattir acid methyl 
esters were prepared from 5-10 mm of the roots. 

25 essentially as described by Browse et.al,, (Anal. 

Biochero. (1986) 152:141-145) except that 2.5% H2Sp4 in 
methanol was used as the methylation reagent and samples 
were heated for 1.5 h at 80^C to effect the methanolysis 
o£ the seed triglycerides. The results are shown in 

30 Table 3. Root samples 41 to 46, 48 to 51, 58, and 59 
are derived from transformation of fad2-l plants with 
RlOOO/pGA Fad2; root samples 52, 53, and 57 were derived 
from transformation of fad2-l plants with RIOOO and 
serve as controls; root sample 60 is derived from . 



transformation of wild type Arahidopsta with RIOOO and 
also serves as a control. 



Fatty acid Composition in Transgenic 
Arahidoosis fad2-l Hairy Roots Transformed 

«S»h Acrrftharfeylmn RlOQO/pGA-f ad2 



Sample 


16i0 


16!l 


18;Q 






ia!3 


41 


CH . 4 


1 |!i 
X • o 


1 7 


S 0 




33 8 


42 


25.6 


3.7 


1.3 


20.0 


22.0 


27.5 


43 


23.6 




1.6 


7.2 


27.6 


36.1 . 


44 


24.4 


1.3 


4.6 


16.0 


18.1 


33.6 


45 


20.7 




8.1 


44.7 


11.8 


14.8 


46 


20.1 




1.8 


7.5 


33.7 


36.0 . 


• 48 


26.1 


2.9 


2.1 


9.5 






49 


30.8 


1.0 


2.4 


8.7 


18.7 




50 


19.8 


1.9 


3.3 


27.7 


■ 21.8 


24.4' 


51 


20.9 


1.1 


5.0 


13.7 • 


25.0 ' 




58 


23.5 


0.3 


1.4 


3.6 


22.1 


45.9 ■ 


59 


22.6 


0.6 


1.4 


2.8 


29.9 


40.4 


52, cent. 


12.3 




2.6 


64.2 


. 4., 6 


16.4 


53, cent . 


20.3 


9.1 


2.2 


55.2 




i .;- ,;9;-;i2 -.- 


57, cent. 


10.4 


2.4 


0.7 


65j-9 


■''"■3.8 


12.7 


60, WT 


23.0 


1.7 


o.is 


6v0 


35 iO 


•3l48r 




These results show that expression of Arabldop^ls ! 
microsomal delta-12 desaturase in a mutant Arabidopsls 
lacking delta-12 desaturatlon can result In partial to 



complete complementation of the mutant; The decrease 'in -^v'^llp^Pp 



Oleic acid levels in transgenic roots is accoir$|ani^::^y: J ^^^^tt^l 



10 increases in the levels of both 18:2 and 18:3/ thus; ^* 

overexpression of this gene in other -oil cr6ps> especially! 

canolar which is a close relative of ftrabidppsis and which 

'! ■■■■ 

naturally has high levels of 18:1 in seeds, is' also expected 
• to result in higher levels of 18:2, which in conjunction with 
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the overexpresslon of the microsomal delta-15 fatty acid 
desaturase will result in very high levels of 18:3. 
Using Arabidopsis Microsomal Delta-12 Desaturase 
cDNA as a Hybridization Probe to Isolate MigroaQmal 
5 Delta-12 Desaturase cDNAs from Other Plant Spegles 

Evidence for conservation of the delta-12 
desaturase sequences amongst species was provided by 
using the Arabidopsis cDNA insert from pSF2b as a 
hybridization probe to clone related sequences from 
10 Braasica nasaiAr and soybean. Furthermore, corn and 
castor bean microsomal delta**12 fatty acid desaturase 
were isolated by PGR using primers made to conserved 
regions of microsomal delta^l2 desaturases. 

Cloning of a Brassica napus Seed "^/fi^^^fi^fi^ 
15 CDNA Encoding Seed Microsomal Delta--12 

Fatty Acid Desaturase 
For the purpose of cloning the Brassica napus seed. 
cDNA encoding a delta-12 fatty acid desaturiase, the dDNA 
insert from pSF2b was isolated by digestion of pSF2b 

20 with EcoR I followed by purification of the 1.2^Jcb.^,^. 
insert by gel electrophoresis. The 1.^2; Wb fragment was 
radiolabeled and used as a hybridization .probe to screen, 
a lambda phage cDNA library made with poly A*^ mRNA. from 
developing Brassica i^ssua seeds 20-21 days after 

25 pollination. Approximately 600,000 plaques were ^.^ 

screened under low stringency hybridization conditlohs 
(50 mM Trls pH 7.6, 6X SSC, 5X Denhardt's, 0.5% SOS, 
100 ug denatured calf thymus DNA. and 50^0 and washes 
(two washes with 2X SSC, 0.5% SDS at room temperature 

30 for 15 min each, then twice with 0.2X SSC, 0.5% SDS, ^t; . 
room temperature for 15 min each, and then twice with 
0.2X SSC, 0.5% SDS at 50*'C for 15 min Vachr. ^Ten 
strongly-hybridizing phage were plaque-pur if led ^a^d^^th^. 
size of the cDNA inserts was determined by PCR . .^^^4. 

35 amplication of the insert using phage as template and 
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T3/T7 oligomers for primers. Two of these phages, 165D 
and 165F, had PGR amplified inserts of 1.6 kb and 1.2 kb 
respectively and these phages were also used to excise 
the phagemids as described above. The phagemid derived 
5 from phage 165D, designated pCF2-165D, contained a 
1.5 kb insert which was sequenced completely on one 
strand. SEQ ID NO: 3 shows the 5' to 3' nucleotide 
sequence of 1394 base pairs of the Braasica napus cDNA 
which encodes delta-12 desaturase in plasmid pCF2-165d. 

10 Nucleotides 99 to 101 and nucleotides 1248 to 1250 are, 
respectively, the putative initiation codon and the 
termination codon of the open reading frame (nucleotides . 
99 to 1250). Nucleotides l.to 98 and 1251 to 1394 are> 
respectively, the 5' and 3' untranslated nucleOjJ:i4(5;§;4^^ 

15 The 383 amino acid protein sequence deduced from the 

open reading frame in SEQ ID NO: 3 is shown in SEQ ID . |' 
NO: 4. While the other strand can easily be sequenced^. - 
for confirmation, comparisons of SEQ ID N0S:1 and 3 and. 
of SEQ ID N0S:2 and 4, even admitting of possible ^ . 

20 sequencing errors, showed an overall homology of ^ 

approximately 84% at both the nucleotide and amino acid' 
levels, which confirmed that pCF2-165D is a Brassica _ 
nasuja seed cDNA that encoded delta-12 desaturase. 
Plasmid pCF2-165D has been deposited on October i6, ,1992: . 

25 with the American Type Culture Collection of Rockville^ [l^- 
Maryland under the provisions of the Budapest Treaty and 
bears accession number ATCC 69094. 

Cloning of a Soybean fClyeine max) 

.... . -i : ;nxcli:ip^3f%f5S ol' 

cPNA Encoding Seed MicroaQmal . \ : vv: 

30 Fat,t.y Acid Deaaturage 

A CDNA library was made to poly A+ mRNA isolated ' 
from developing soybean seeds, and screened as described 
above. Radiolabelled probe prepared from pSF2b „as„ - ' fi 
described above was added, and allowed to hybridize for 

35 18 h at 50^C« The probes were washed as described 
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above. Autoradiography of the filters indicated that 
there were 14 strongly hybridizing plaques, and numerous 
weakly hybridizing plaques. Six of the 14 strongly 
hybridizing plaques were plaque purified as described 
5 above and the cDNA insert size was determined by PCR 
amplication of the insert using phage as template and 
T3/T7 oligomers for primers. One of these phages, 169K, 
had an insert sizes of 1.5 kb and this phage was also . 
used to excise the phagemid as described above. The 

10 phagemid derived from phage 169K, designated pSF2-169K, 
contained a 1.5 kb insert which was sequenced completely 
on both strands. SEQ ID NO: 5 shows the 5' to 3* 
nucleotide sequence of 1473 base pairs of soybean 
fGlyeini^ jqax) cDNA which encodes delta-12 desa^ura;S^.y^ij[:|^^ 

15 plasmid pSF2-169K. Nucleotides 108 to 110 and 

nucleotides 1245 to 1247 are, respectively, the putative, 
initiation codon and the termination codon of the open 
reading frame (nucleotides 108 to 1247) . Nucleotides 1 
to 107 and 1248 to 1462 are, respectively, the 5' .and 3* 

20 untranslated nucleotides. The 380 amino acid 



sequence deduced from the open reading frame in SEQ ID 

• • 1^ • f-' ' ' 

NO: 5 is shown in SEQ ID NO: 6. Comparisons of SEQ ID ^ 

N0S:1 and 5 and of SEQ ID N0S:2 and 6, even admitting ,qf 

possible sequencing errors, showed an overall homology . 

25 of approximately 65% at the nucleotide level and 
approximately 70% at the amino acid level, which 
confirmed that pSF2-169K is a soybean seed cDNA that^ , 
encoded delta-12 desaturase. A further description of 
this clone can be obtained by comparison of the SEQ ID 

30 N0:1, SEQ ID N0:3, and SEQ ID N0:5 and by analyzing, the 
phenotype of transgenic plants produced by using 
chimeric genes incorporating the insert of pSF2-169K,^ in 
sense or antisense orientation, with suitable regulatory 
sequences. Plasmid pSF2~169K was deposited on 

35 October 16, 1992 with the American Type Culture,. , , 
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Collection of Rockville, Maryland under the provisions 
of the Budapest Treaty and bears accession number 
ATCC 69092. - 

nioning of a Corn (Zea mays) 
5 cDNA EncQ dino Seed Microsomal Delta-12 

Fatty Acid Desaturase 
Corn microsomal delta-12 desaturase cDNA was 
isolated using a PCR approach. For this, a cDNA library 
was made to poly A**" RNA from developing corn embryos in 

10 Leunbda Zap II vector. This library was used as template 
for PCR using sets of degenerate oligomers NS3 (SEQ ID 
NO: 13) and RB5A/B (SEQ ID N0S:16 and 17) as sense and 
antisense primers^ respectively. NS3 and RB5A/B * - :^ 
correspond to stretches of amino acids 101-10 9 -^nd/j^-j/j^^^ 

15 318-326^ respectively, of SEQ ID N0:2r which are 

conserved in most* microsomal delta-12 desaturases (for 
example, SEQ ID N0S:2, 4, 6, 8) . PCR was carried out, 
using a PCR kit (Perkin-Elmer) by 40 cycles of 94**C 1\ 
45**Cr 1 niin, and 55**C, 2 min. Analyses of the PCR 

20 products on an agarose gel showed the^presence of a^ 

product of the expected size (720 bp) ,^ which was . absent / * 
in control reactions containing either the sense or . , 
antisense primers alone. The fragment was gel purified 
and then used as a probe for screening the corn^ cPNA 

25 library at 60®C as described above. One positively- 
hybridizing plaque was purified and partial sequence 
determination of its .cDNA showed it to be a nucleotid.e 
sequence encoding microsomal delta-12 desaturase^but^ 
truncated at the 3' end. The cDNA insert encoding tbevs 

30 partial desaturase was gei isolated and used to probje. , . . 
the corn cDNA library again. Several positive plaques' 
were recovered and characterized. DNA sequence analysis 
revealed that all of these clones seem to represent the . 
same sequence with the different length of 5' or 3* 

35 ends. The clone containing the longest insert,. 
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designated pFad2#l, was sequenced completely. The total 
length of the cDNA is 1790 bp (SEQ ID NO: 7) comprising 
of an open reading frame from nucleotide 165 to 1328 bp 
that encoded a polypeptide of 388 amino acids. The 
5 deduced amino acid sequence of the polypeptide (SEQ ID 
NO: 8) shared overall identities of 71%/ 40%, and 38% to 
ArabidQpsis microsomal delta-12 desaturase, Arabidopais 
microsomal delta-15 desaturase, and Arabidopsis plastid 
delta-15 desaturase, respectively. Furthermore, it 

10 lacked an N-terminal amino acid extension that would 
indicate it is a plastid enzyme. Based on these 
considerations, it is concluded that it encodes a 
microsomal delta-12 desaturase. 

Isolation of cDNAfi EnGodino , . ^ ' 

15 Delta-12 Microsomal Fattv Acid Desaturases and , 

Desaturase-Related Enzymes from Cast^or Bean Seed 
Polysomal mRNA was isolated from castor beans of- 
stages I-II (5-10 DAP) and also from castor beans ,of 
stages IV-V (20-25 DAP) . Ten ng of each mRNA was .used 

20 for separate RT-PCR reactions, using the Perkin-Elmer 

RT-PCR kit. The reverse transcriptase reaction .k|l.s ; 
primed with random hexamers and the PCR reaction with / . . 
degenerate delta-12 desaturase primers NS3 and NS9_(S£Q. 
ID N0S:13 and 14). The annealingrextension tentperature. 

25 of the PCR reaction was 50^C. A DNA fragment of approx. 
700 bp was amplified from both stage I-II and stage IV-V 
mRNA. The amplified DNA fragment from one of the \ 
reactions was gel purified and cloned into a pGEM-T. ^ . 
vector using the Promega pGEM-T PCR cloning kit to 

30 create the plasmid pRFiZ-lC. The 700 bp insert in v . 

pRF2-lC was sequenced, as described above, and the_^ 
resulting DNA sequence is shown in SEQ ID NO: 9. , The DNA 
sequence in SEQ ID NO: 9 contains an open-reading frame 
encoding 219 amino acids (SEQ ID NO: 10) which has 81% 

35 identity (90% similarity) with amino acids 135 to 353^of 
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the Arahidopsis microsomal delta~12 desaturase described 
in SEQ ID NO: 2. The cDNA insert in pRF2-lC is therefore, 
a 676 bp fragment of a full-length cDNA encoding a 
castor bean seed microsomal delta-12 desaturase. The 
5 full length castor bean seed microsomal delta-12 

desaturase cDNA may isolated by screening a castor seed 
cDNA library^ at 60^C, with the labeled insert of 
. pRF2-lC as described in the example above . The Insert 
in pRF2-lC may also be used to screen castor bean 
10 libraries at lower temperatures to isolate delta-12 
desaturase-related sequences, such as the delta-12 
hydroxylase. 

A cDNA library made to poly A+ inRNA isolated from 
developing castor beans (stages IV-V, 20-25 DAP). : was .^^^ 
15 screened as described above. Radiolabeled probe 

prepared from pSF2b or pRF2-lC> as described above, were 
added, and allowed to hybridize for 18 h at 50^*0. The , 
filters were washed as described above. Autoradiography 

of the filters indicated that there were numerous 

■ 'I ■ , . j ■ 

20 hybridizing plaques, which appeared either stronglyj^^ ; 
hybridising or weakly-hybridising. Three of the . . 
strongly hybridisng plaques (190A-41, 190A-42 and^ ,1 
190A-44) and three of the weakly hybridising plaques, 
{190B-41, 190b-43 and 197c-42), were plaque purified^ 

25 using the methods described above. The cDNA insert size 
of the purified phages were determined by PCR , , 
amplication of the insert using phage as template ^azid . < 
lambda-gtll oligomers (Clontech lambda-gtll Anqplimers) 
for primers. The PCR-amplif ied inserts of the amplified' 

30 phages were subcloned into pBluescript (Pharmacia) which^ 
had been cut with Eco RI and filled in with Klenow 
(Sambrook et al. (Molecular Cloning,' A Laboratory 
Approach, 2nd. ed, (1989) Cold Spring Harbor Laboratory 
Press) . The resulting plasmids were called pRF190a-41y 

35 pRF190a-42, pRF190a-44, pRF190b-41, pRF190b-43 and";V^^' . 
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pRF197c-42. All of the inserts were about 1.1 kb with 
the exception of pRF197c-42 which was approx. 1.5 ^kb.^^.^^,.. 
The inserts in the plasmids were sequenced as described 
above. The insert in pRF190b-43 did not contain any 
5 open reading frame and was not identified. The inserts 
in pRF190a-41, pRF190a-42, pRF190a-44 and pRF190b-41 
were identical. The insert in pRF197c-42 contained all 
of the nucleotides of the inserts in pRF190a-41, 
pRF190a-42, pRF190a-44 and pRF190b-41 plus an additional 

10 approx. 400 bp. It was deduced therefore that the 

insert in pRF197c-42 was a longer version of the inserts* 
in pRF190a-41, pRF190a-42, pRF190a-44 and pRF190b-41 and 
all were derived from the same full-length mRNA. The ' 
complete cDNA sequence of the insert in plasmid ^k^"^ , 

15 pRF197c-42 is shown in SEQ ID NO: 11. The deduced Samino * 
acid sequence of SEQ ID NO: 11, shown in SEQ ID N0:li2, is 
78.5% identical (90% similarity) to the castor 
microsomal delta-12 desaturase described above (SE^^ID ; 
NO: 10) and 66% identical (80% similarity) to the J:;* ; 

20 Arabidopsis delta-12 desaturase amino acid sequence in ; 
SEQ ID N0:2. These similarities confirm that pRF197c-42 . 
is a castor bean seed cDNA that encodes a microsomal 
delta-12 desaturase or a microsomal delta-12 desaturase- 
related enzyme, such as a delta-12 hydroxylase. 

25 Specific PGR primers for pRF2-lC and pRF197c-42 were 

made • For pRF2-lc the upstream primer was bases 180 to 
197 of the CDNA sequence in SEQ ID NO: 9. For pRFi97cr!^2: 
the upstream primer was bases 717 to 743 of the cDNA ..^^^ ' 
sequence in SEQ ID NO: 11. A common downstream primer . 

30 was made corresponding * to the exact complement of the 
nucleotides 463 to 478 of the sequence described in SEQ 
ID NO: 9. Using RT-PCR with random hexamers and the 
above primers it was observed that the cDNA contained in 
PRF2-1C is expressed in both Stage I-II and Stage^^JV-j^ 

35 castor bean seeds whereas the cDNA contained in plasraid '. 

, nee* i.n" , 
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pRF197c-42 is expressed only in Stage IV-V castor bean 
seeds, i.e., it is only expressed in tissue actiwellsj^J,^; 
synthesizing ricinoleic acid. Thus, it is possible that 
this cDNA encodes a delta-12 hydroxylase. 
5 There is enough deduced amino acid sequence from 

the two castor sequences described in SEQ ID NOS:10 and 
12 to compare the highly conserved region corresponding 
to amino acids 311 to 353 of SEQ ID N0:2. When SEQ ID 
N0S:2, 4, 6, 8, and 10 are aligned by the Hein method 

10 described above the consensus sequence corresponds 

exactly to the amino acids 311 to 353 of SEQ ID NO: 2. 
All of the seed microsomal delta-12 desaturases 
described above have a high degree of identity with-the; 
consensus over this region, namely Arabidopsis (100% ^u?.^ 

15 identity)/ soybean (90% identity), corn (95% identity), 
canola (93% identity) and one (pRF2-lc) of the castor 
bean sequences (100% identity) . The other castor bean 
seed delta-12 desaturase or desaturase-related sequence . 
(pJlF197c-42) however has less identity with the , v- ■^VV>> 

20 consensus, namely 81% for the deduced amino acid . 

sequence of the insert in pRF197c-42 (described in-SEQ 
ID N0:12) . Thus while it remains possible that the 
insert in pRF197c-'42 encodes a microsomal delta-12 
desaturase, this observation supports the hypothesis . ^ 

25 that it encodes a desaturase-related sequence, namely 

.. . • . II • ' 

the delta-12 hydroxylase. . , 

An additional approach to cloning a castor bean 
seed delta-12 hydroxylase is the screening of a 
differential population of cDNAs. A lambda- Zap -^^^r*^^|;^ * 

30 (Stratagene) cDNA library made to polysomal mRNA, 

isolated from developing castor bean endosperm (stages* 
IV-V, 20-25 DAP) was screened with 32p-iabeled cDNA made ' 
from polysomal mRNA isolated from developing castor bean 
endosperm (stage I-II, 5-10 DAP) and with ^^p-i^beled . 

35 cDNA made from polysomal mRNA isolated from developing: 
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castor bean endosperm (stages IV-V, 20-25 DAP) • The,; 
library was screened at a density of 2000 plaques "pe^t "*^ 
137 nun plate so that individual plaques were isolated. 
About 60,000 plaques were screened and plaques which 
5 hybridised with late (stage IV/V) cDNA but not early 
(stage I/II) cDNA, which corresponded to about 1 in 
every 200 plaques, were pooled. 

The library of differentially expressed cDNAs xnay 
be screened with the castor delta-12 desaturase cDNA 

10 described above and/or with degenerate oligonucleotides 
based on sequences of amino conserved among delta-12 
desaturases to isolate related castor cDNAs, including 
the cDNA encoding the delta-12 oleate hydroxylase ' ' 

enzyme. These regions of amino acid conservation^intayij^t^jT 

15 include, but are not limited to amino acids 101 to 109, 
137 to 145, and 318 to 327 of the amino acid sequence 
described in SEQ ID N0:2 or any of the sequences ' 
described in Table 7 below. Examples of such oligomers , 
are SEQ, ID N0S:13, 14, 16, and 17. The insert in ; - V: 

20 plasmid pCF2-197c may be cut with Eco RI to remove ^ . 
vector sequences, purified by gel electrophoresis and 
labeled as described above. Degenerate oligomers ^.based 
on the above conserved amino acid sequences may be 
labeled with 32p described above. The cDNAs Qlpned 

25 from the developing endosperm difference library which , 
do not hybridize with early mRNA probe but do hybridize 
with late mRNA probe and hybridize with either castor • 
delta-12 desaturase cDNA or with an oligomer based on 
delta-12 desaturase sequences are likely to be the : ' 

30 castor delta-12 hydroxylase. The pBluescript vector 

containing the putative hydroxylase cDNA can be excised 
and the inserts directly sequenced, as described ahove. 

. Clones such as pRF2-lC and pRF197c-42, and other 

•t ; ' ' ' ■ \ 

•clones from the differential screening, which, based on :V 
35 their DNA sequence, are less related to castor bean- seed k;;. 
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microsomal delta-12 desaturases and are not any of the , 
known fatty-acid desaturases described above or iHT^^'^'f''^'*??^ 
WO 9311245, may be expressed/ for example/ in soybean 
embryos or another suitable plant tissue, or in a 
5 microorganism, such as yeast/ which does not normally 
contain ricinoleic acid, using suitable expression 
vectors and transformation protocols. The presence of 
novel ricinoleic acid in the transformed tissue (s) 
expressing the castor cDNA would confirm the identity of 
10 the castor cDNA as DNA encoding for an oleate 

hydroxylase . 

fiPi quence Comparisons Among Seed Microsomal 
nf»1ta-12 Desat-urases 
The percent overall identities between coding >vrw4^,' 

15 regions of the full-length nucleotide sequences encoding 
microsomal delta-12 desaturases was determined by their 
alignment by the method of Needleman et al, (J. Mql^.^- 
Biol, (1970) 48:443-453) using gap weight and gap length ^iti;: 
weight values of 5.0 and 0.3 (Table 4). Here, a2./ c2/ " • /. 

20 s2, 22. and des A refer, respectively, to the nucleotide 
sequences encoding microsomal delta-12 fatty acid . 
desaturases from Arabidopsis (SEQ ID N0:1), Brassica' ■ . ^. 
napus (SEQ ID NO: 3), soybean (SEQ ID NO: 5), corn (SEQ, ID 
NO: 7)/ and cysmobacterial des A, whereas r2 refers to 

25 the microsomal delta-12 desaturase or desaturase-re;Lated 
enzyme from castor bean (SEQ ID N0:12)» '^^^^|^^^^^ 

Percent Identity Between the Coding Regions of 
Nucleotide Sequences Encoding Different Microsomal 
Delta-12 Fafl>v Arid DaaaHurases 

SZ SZ Z2. des 

a2 84 66 64 43- : • 

c2 ' 65 62 -^^i.'^ • "'i 

s2 - - 62 \.,^4^'g|h-;'|(';-:' 

■ 1., -02 ■ 

■i 
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10 



15 



The overall relatedness between the deduced ami-ho^ 
acid sequences of microsomal delta-12 desaturases ^6^^ M 
desaturase-related enzymes of the invention (i.e., SEQ 
ID N0S:2, 4, 6, 8, and 12) determined by their alignment 
by the method of Needleman et al. (J. Mol. Biol, (1970) 
48:443-453) using gap weight and gap length weight 
values of 3.0 and 0.1, respectively, is shown in 
Table 5. Here a2, c2, s2, z2 and des A refer, 
respectively, to microsomal delta-12 fatty acid 
desaturases from Arabidopsis (SEQ ID NO: 2),: Brassica 
napus (SEQ ID NO: 4), soybean (SEQ ID NO: 6), corn (SEQ ID 
NO: 8), and cyanobacterlal des A, whereas r2 refers to .« 
the microsomal desaturase or desaturase-related enzyme 
from castor bean (SEQ ID N0:12) , The relatedness:*; M*4:>^8r? 
between the enzymes is shown as percent overall 
Identity /percent overall similarity. 



TABLE 5 

Relatedness Between Different Microsomal 
Delta-12 Fattv Acid Desaturases 





sZ 


Si 


xZ 


Zl 


a2 


84/89 


70/85 


66/80 


71/83 


c2 




67/80 


63/76 


69/79 


s2 






67/83 


66/82 


r2 








61/78 


z2 











24/^^ 
^124/51 : 
23/49 
24/51 . 
25/49; 

The high degree of overall identity (60% or '"^ 
greater) at the the amino acid levels between the ^ ^ ^ v 

20 Brassica ixajBliS.f soybean, castor and corn enzymes with" 
that of ArabidoDsis microsomal delta-12 desaturase and 
their lack of an N-terminal extension of a transit 
peptide expected for a nuclear-encoded chloroplast . 
desaturase leads Applicants to conclude that SEQ ipsj^?:-^; ; 

25 N0S:4, 6, 8, 10, and 12 encode the microsomal deltafI2 



'5 J 
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desaturases or desaturase-related enzymes. Furth:er'^/;i 
confirmation of this identity will come from biol^ical^^"^' 
function, that is, by analyzing the phenotype of 
transgenic plants or other organisms produced by using 
5 chimeric genes incorporating the above-mentioned 
sequences in sense or antisense orientation, with 
suitable regulatory sequences. Thus, one can isolate 
cDNAs and genes for homologous fatty acid desaturases 
from the same or different higher plant species, 

10 especially from the oil-producing species. Furthermore, 
based on these comparisons, the Applicants expect all 
higher plant microsomal delta-12 desaturases from all 
higher plants to show an overall identity of 60% or more ' 
and to be able to readily isolate homologous fatty- acid<^ - 

15 desaturase sequences using SEQ ID N0S:1, 3, 5, 7, 9, and 
11 by sequence-dependent protocols. 

The overall percent identity at the amino acidr- V :.t ' 
level,* using the above alignment method, between J ''^^^^ v^ r v ' 
selected plant desaturases is illustrated in Table 6.. 

Percent Identity Between Selected Plant Fatty* Acid 
Desaturases at the Amino Acid Level 







an 


Si 




.22. 


a2 


38 


33 


38 


35 


.r^3ii^s .. ■ . 


a3 




65 


93 


66 


■ • ■^'■^•■^ 


aD 






66 


87 




c3 








67 


- '-^^ .. 


CD 










,65. 



In Table 6, a2, a3, ad, c3, cD, and S3 refer, • 
respectively, to SEQ ID NO: 2, Arabidopsis microsomal 
delta-15 desaturase, Arabidopsis plastid delta-15 ^: 
20 desaturase, canola microsomal delta-15 desaturase^ ^ J 
canola plastid delta-15 desaturase, and soybean. . .'i * 
microsomal delta-15 desaturase. Based on these r b; 
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comparisons, the delta-15 desaturases, of both 
mlcrosoxnal and plastid types, have overall identities 6^ 
65% or more at the amino acid level, even when from the 
same plant species. Based on the above the Applicants 
5 expect microsomal delta-12 desaturases from all higher 
plants to show similar levels of identity (that is, 60% 
or more identity at the amino acid level) and that SEQ 
ID N0S:1, 3, 5, 7, and 9 can also be used as 
hybridization probe to isolate homologous delta-12 
10 desaturase sequences, and possibly for sequences for 
fatty acid desaturase-related enzymes, such as oleate 
hydroxylase, that have an overall amino acid homology of 
50% or more. 

Similar alignments of protein sequences of plant- 
15 microsomal fatty acid delta-12 desaturases [SEQ ID 

N0S:2, 4, 6, and 8] and plant delta-15 desaturases ^[ 

[microsomal and plastid delta-15 desaturases from. 

ArabidQPSis and Brassica n^j^, WO 9311245] allows .>.,. 

identification of amino acid sequences conserved between 
20 the different desaturases (Table 7) . 



Amino Acid Sequences Conserved Between 
Plant Miciosoinal Delta-12 Desaturases and Microscmiai and 



Region 


OmservedAA 
Positions in 
SEQIDN0:2 


Plastid Delta-15 Desaturases 

Consensus Consensus 
Ccmserved AA Conserved AA 

Sequoice in Sequence in 
A^^Desanirases A^^Desaturases 


. ^ .i .■ ; . ; 
*■ • 

Conseiisus 
AA Sequence 


A 


39-44 


AIPPHC 


AIPKHC 


AIP(P/K)HG 


B 


86-90 


3KE(yi)Iffi 


WPLYW 


WPOTDYW 


C 


104-109 


AHECGQ 


GiiD£GH 


(A/G)H(D/E)CGH 


D 


130-134 




ILVPY 


(L/I)LVPY 


E 


137-142 


WKYSHR 


3KR1SHR 


W(K/R)(Y/DS|iR 


F 


140-145 


SHRRHH 


SHRTHH 


. SHR(R/T)HH ; 


G 


269-274 






Q/V)TYUQ/m 


H 


279-282 






LP(H/W)Y*'ee/i 
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I 289-294 WL(B^QAL YLRQGL (W/Y)L(R/K)(3(X/G)L 

J 296-302 T VDRDYG HJ^RDYG T(V/L)DRbYG ■ j 

K 314-321 THVAHHLF THVIHHUF THy(A/DHHLF 

L 318-327 HHLFS TMPHY Ififi^PQIEHX 

HHFL(S/P) 
(T/QXWMJPHY 

Table 7 shows twelve regions of conserved amino 
acid sequences, designated A-L (coliomn 1), whose 
positions in SEQ ID NO: 2 are shown in column 2. The 
5 consensus sequences for these regions in plant delta-12 
fatty acid desaturases and plant delta-15 fatty acid 
desaturases are shown in columns 3 and 4, respectively; 
amino acids are shown by standard abbreviations, the 
underlined amino acids are conserved between the 
10 delta-12 and the delta-15 desaturases, and amino acids 
in brackets represent substitutions found at that ; \ 
position. The consensus sequence of these regiofi^Ga^Ci^ii^^^^^ 
shown in column 5. " These short conserved amino a^c3!d&i- ^ 
and their relative positions further confirm thafiTtiiifeif , 
15 isolated isolated cDNAs encode a fatty acid desaturase, 
Isolation of Nucl eotide Sequences Encoding-, 
HomolQao us and Heterologous Fatty acid Desaturases 
and Desaturase-like Enzymes 
Fragments of the instant invention may ba used to 
20 isolate cDNAs and genes of homologous and heterol^^ggusiV^^ ' V;^^^ 
fatty acid desaturases from the same species as thf • --^^ • 
fragments of the invention or from different species. ] \ 
Isolation of homologous genes using sequence-dependent 
protocols is well-known in the art and Applicants. have 
25 demonstrated that Arahidopais microsomal delta-12 

desaturase cDNA sequence can be used to isolate cpN^ for 
related fatty acid desaturases from Brasstca iiasus./' 
soybean, corn and castor bean. v^^t^JtiKg^ . ; ^1^' 

More importantly, one can. use the f3:agments-^'|-t|]^^^^^^^ 
30 containing SEQ ID N0S:1, 3, 5, 7, and 9 or their;, -^jj^v^ ] 
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smaller, more conserved regions to isolate novel flfB^f/;: 
acid desaturases and fatty acid desaturase- related : 
enzymes . 

In a particular embodiment of the present 
5 invention, regions of the nucleic acid fragments of the 
invention that are conserved between different 
desaturases may be used by one skilled in the art to 
design a mixture of degenerate oligomers for use in 
sequence-dependent protocols aimed at isolating nucleic 

10 acid fragments encoding homologous or heterologous fatty 
acid desaturase cDNA's or genes. For example, in the 
polymerase chain reaction CInnis, et al., Eds, (1990) 
PCR Protocols: A Guide to Methods and Applications, 
Academic Press, San Diego), two short pieces of the 

15 present fragment of the Invention can be used to amplify 
a longer fatty acid desaturase - DNA fragment from DNA or 



RNA. The polymerase chain reaction may also be 



performed on a library of cloned nucleotide sequences / 
with one primer based on the fragment of the invention . 

20 and the other on either the poly A"*" tail or a vector 
sequence. These oligomers may be unique sequences or^ 
degenerate sequences derived from the nucleic acid 
fragments of the invention. The longer piece of 
homologous fatty acid desaturase DNA generated by ^ this . 

25 method could then be used as a probe for isolating -^vi; 
related fatty adid desaturase genes or cDNAs from 
ftr^bidopffi or other species and subsequently identified 
by differential .screening with known desaturase 
sequences and by nucleotide sequence determination • The 

30 design of oligomers, including long oligomers using 

deoxyinosine, and "guessraers" for hybridization or for^ 
the polymerase chain reaction are known to one skilled - 
in the art and discussed in Sambrook et al., (Molecular. 
Cloning, A Laboratory Manual, 2nd ed. (1989), Cold.-^' ' 

35 Spring Harbor Laboratory Press). Short stretches of^^ 
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amino acid sequences that are conserved between * 
cyanobacterial delta-12 desaturase (Wada et al.^ Nature 
(1990) 347:200-203) and plant delta-15 desaturases 
[WO 9311245] were previously used to make oligo- 
5 nucleotides that were degenerate and/or used 

deoxyinosine/s • One set of these oligomers ntade to a 
stretch of 12 amino acids conserved between 
cyanobacterial delta-12 desaturase and higher plant 
delta-15 desaturases was successful in cloning the 

10 plastid delta-12 desaturase cDNAs; these plant 
desaturases have more than 50% identity to the 
cyanobacterial delta-12 desaturase. Some of these 
oligonucleotides were also used as primers to make 
polymerase chain reaction (PGR) products using poly A"*";^,; 

15 RNA from plants. However, none of the oligonucleotides 

and the PGR products were successful as radiolabeled- h i 
hybridization probes in isolating nucleotide sequences / ; 
encoding microsomal delta-12 fatty acid desaturas.es.. • . 

. C V K (5 

Thus, as expected/ none of the stretches of four or more • 
20 amino acids conserved between Arabidopsis delta-12 and 
Arabidopsis delta-15 desaturases are identical in the 
cyanobacterial desaturase, just like none of the 
stretches of four or more amino acids conserved between 
Arabidopsis delta-15 and the cyanobacterial desaturase . 
25 are identical in SEQ ID N0:2. Stretches of consein/ed * '^^^ '-^ 
amino acids between the present invention and delta-15 
desaturases now allow for the design of oligomers to be 
used to isolate sequences encoding other desaturases and 
desaturase-related enzymes. For exaitqple, conserved 

30 stretches of amino acids between delta-12 desaturase. and 

■ « »i . 

delta-15 desaturase, shown in Table 7, are useful^^n^^^ ^ . ^ 
designing long oligomers for hybridization as well. as. j -t-^^^ 
shorter ones for use as primers in the polymerase chain l^'^ ' 
reaction. In this regard, sequences conserved between . ; 
35 delta-12 and delta-15 desaturases (shown in Table 7) ' 



wo 94/1 1516. PCr/US93/09987 



would be particularly useful. The consensus sequences 
will also take into account conservative substitutions ^^-^ 
known to one skilled in the art, such as Lys/Arg, 

Glu/Asp, Ile/Val/Leu/Met, Ala/Gly, Gln/Asn, and Ser/Thr. . 

5 Amino acid sequences as short as four amino acids long 

can successfully be used in PGR [Nunberg et. al. (1989) 

Journal of Virology 63:3240-3249]. Amino acid sequences '}. ''^'^'' 

conserved between deltaT^12 desaturases (SEQ ID N0S:2/ 4^ ^"-''^^ r:^'^y^. 

6, 8, and 10) may also be used in sequence-dependent ^ • 

10 protocols to isolate fatty acid desaturases and fatty ■ 

acid desaturase-related enzymes expected to be more • ' 

related to delta-12 desaturases, such as the oleate . vv^.. 

hydroxylase from castor bean. Particularly useful are * pvfi' 

. . ' ur*!'' 

conserved sequences in column 3 {Table 7), since t'heyi,^;^^: /' ; 

15 are also conserved well with delta-15 desaturases i -^4 .'^^i^ii^^ 
(column 4r Table 7) . • ■ . -.M^ ' W¥'W^^i^^ 

Determining the conserved amino acid sequences ;f rbm 
diverse desaturases will also allow one to identify more 
and better consensus sequences that will further aid in 

20 the isolation of novel fatty acid desaturases, including ' --^^^..^^^^•fi 

those from non-plant sources such as fungi, algae 
(including the desaturases involved in the desaturations. 
of the long chain n-3 fatty acids), and even cyanqj-^ 
bacteria, as well as other membrane-associated 

25 desaturases from other organisms. 

The function of the diverse nucleotide fragments ^^^Ifi^ll^W 
encoding fatty acid desaturases or desaturase-related ^ 
enzymes that can be isolated using the. present invention ' -i'^^'^^. ^^^^ 

can be identified by transforming plants with the ' i&;f 

30 isolated sequences, linked in sense or antisense ' 

orientation to suitable regulatory sequences required^ ; ^"-^'^0??^^ 
for plant expression, and observing the fatty acid ■ iri 
phenotype of the resulting transgenic plants. Preferred ^ , ;vr?!^v«{j'^ll:!?' 
target plants for the transformation are the same .as 'the • •'^-'Ml^'^-^i'^ 

35 * source of the isolated nucleotide fragments xvhen the -^""^ • f i^i 

. ' • ,1. -r;.?'*fiitir 
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' ' ' • . " ' H ' 

* goal is to obtain inhibition of the corresponding 

endogenous gene by antisense inhibition or ^ 
cosuppression « Preferred target plants for use in 
expression or overexpression of the isolated nucleic 
5 acid fragments are wild type plants, or plants with known 
mutations in desaturation reactions, such as the 
Arabidopsis mutants fadA , £&d&, 1^^, and 

f ad3 ; mutant flax deficient in delta-15 desaturation; or 
mutant sunflower deficient in delta-12 desaturation. 

10 Alternatively, the function of the isolated nucleic acid 
fragments can be determined similarly via transformation 
of other organisms, such as yeast or cyanob&cteria, with 
chimeric genes containing the nucleic acid fragment and 
suitable regulatory sequences followed by ane.lysia:sQf,.;55jj^.. 

15 fatty acid composition and/or enzyme activity. V';:; ! 

Overexpression of the Fatty Acid \. ^ ^ 
Desaturase Enzymes in Transgenic Species ; 
The nucleic acid fragment (s) of the instant 
invention encoding functional fatty acid desaturase (s) , 

20 with suitable regulatory sequences, can be xxsed to 

overexpress the enzyme (s) in transgenic organisms. An 
example of such expression or overexpression is 
demonstrated by transformation of the Arabidop sis mutant 
lacking oleate desaturation. Such recombinant DNA, 

25 constructs may include either the native fatty acid / 
desaturase gene or a chimeric fatty acid desaturase gene 

{s. C- it. vt 

isolated from the same or a different species as the. 

host organism. For overexpression of fatty acid 

desaturase (s) it is preferable that the introduced gene 
30 be from a different species to reduce the likelihood, of 

cosuppression. For example, overexpression of delt^rrl? 

desaturase in soybean, rapeseed, or other oil^-producing ; 

species to produce altered levels of polyunsaturated 

fatty acids may be achieved by expressing RITA from the^ 
35 • full-length cDNA found in p92103, pCF2-165D, and , 
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pSF2'-169K. Transgenic lines overexpressing the delta^I2 
desaturase, when crossed with lines overexpres.sing 
delta-15 desaturases, will result in ultrahigh levels of 
18:3. Similarly, the isolated nucleic acid fragments 
5 encoding fatty acid desaturases from ArabidopsiS p 

rapeseed, and soybean can also be used by one skilled in 
the art to obtain other substantially homologous full- 
length cDNAs, if not already obtained, as well as the 
corresponding genes as fragments of the invention. 

10 These, in turn, may be used to overexpress the 

corresponding desaturases in plants. One skilled in the 
art can also isolate the coding sequence (s) from the 
fragment (s) of the invention by using and/or careating 
sites for restriction endonucleases, as de scribed 

15 Sambrook et al., (Molecular Cloning, A Laboratory 

Manual, 2nd ed. (1989), Cold Spring Harbor Laboratory . 
Press) . * : , 

One particularly useful application of the claimed 
inventions is to repair the agronomic performance of 

20 plant mutants containing ultra high levels of oleate in 
seed oil. In Arabidopsis reduction in linoleate in 
phosphatidylcholine due to a mutation in microsomal /. y.- ^ 
delta-12 desaturase affected low temperature survi;v^l^^ 
[Miquel, M. et. al. (1993) Proc. Natl Acad. Sci. US^^ 5 * 

25 90:6208-6212]. Furthermore, there is evidence that the 
poor agronomic performance of canola plants containing' 
ultra high (>80%) levels of oleate in seed is due to^ 
mutations in the microsomal delta-12 desaturase genes 
that reduce the level of linoleate in phosphotidyl- 

30 choline of roots and leaves. That is, the mutations are 
not seed-specific. Thus, the root and/or leaf-speci^f ic 

* y ■ ' * .,- 

expression (that is, with no expression in the seedsV of 
microsomal delta-12 desaturase activity in mutants of 
* oilseeds with ultra-high levels of oleate in seed oil \ 
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will result in agronomically* improved mutant plant's with ' ^ 
ultra high levels of oleate in seed oil. 

Inhibition of Plant Target 
Genes by Use of Antisense RNA 
5 Antisense RNA has been used to inhibit plant target 

genes in a tissue-specific manner (see van der Krol et ' 
al., Biotechniques (1988) 6:958-976). Antisense 
Inhibition has been shown using the entire cDNA sequence 
(Sheehy et al., Proc. Natl. Acad. Sci. USA (1988) 
10 85:8805-8809) as well as a partial cDNA sequence (Cannon 
et al,^ Plant Molec. Biol. (1990) 15:39-47). There is 
also evidence that the 3' non-coding sequences (Ch'ng 
et al.r Proc. Natl. Acad. Sci. USA (1989) 

86:10006-10010) and fragments of 5' coding sequenp^sl^^i^^ £ 

15 containing as few as 41 base-pairs of a 1.87 kb cDto^t^-^I^;^ 

(Cannon et al.. Plant Molec. Biol. (1990) 15 :39-47)vV carf;- ' 
play iitportant roles in antisense inhibition. , / ^V^y; \, 

The use of antisense inhibition of the fatty acid 
desaturases may require isolation of the transcribed 

20 sequence for one or more target fatty acid desaturase 
genes that are expressed in the target tissue of the 
target plant. The genes that are most highly express^ed / 
are the best targets for antisense inhibition. These ^^^^^^ : -h; 
genes may be identified by determining their levels of 

25 transcription by techniques, such as quantitative 
analysis of mRNA levels or nuclear run-off 
transcription, known to one skilled in the art. 

The entire soybean microsomal delta-12 desaturase 
cDNA was cloned In the antisense orientation with 

30 respect to either soybean b-conglycinin, soybean KTi3, . 

and bean phaseolin promoter and the chimeric gene^v^j?',^? 

transformed into soybean somatic embryos that vrere^^^'^^ . ' * • 

O r : can *; ; 

previously shown to serve as good model system for 
soybean zygotic embryos and are predictive of seed 
35 composition (Table 11) . Transformed somatic embryos 
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showed Inhibition of linoleate biosyntheis. Similarly, 
the entire Brassira na pus microsomal delta- 12 desaturase 
cDNA was cloned in the antisense orientation with 
respect to a rapeseed napin promoter and the chimeric 
5 gene transformed into S. napns.. Seeds of transformed 
B. napus plants showed inhibition of linoleate 
biosynthesis. Thus, antisense inhibition of delta-12 
desaturase in oil-producing species, including corn, 
Brassica nsf^us./ and soybean resulting in altered levels 
10 of polyunsaturated fatty acids may be achieved by 

expressing antisense RNA from the entire or partial cDNA 
encoding microsomal delta-12 desaturase. 

Inhibition Qf Plant' 

Target Genes by Cosuppression 

15 The phenomenon of cosuppression has also been'u'sed 

to Inhibit plant target genes in a tissue-specific 
manner. Cosuppression of an endogenous gene using the 
entire cDNA sequence (Napoli et al.. The Plant Cell 
(1990) 2:279-289; van der Krol et al.. The Plant Cell 

20 (1990) 2:291-299) as well as a partial cDNA sequence. 

(730 bp of a 1770 bp cDNA) (Smith et al,, Mol. Gen^,>^ .... 
Genetics (1990) 224:477-481) are known. 'JSRM^M 

The nucleic acid fragments of the instant inven^iOT 
encoding fatty acid des^turases, or parts thereof ^^with 

25 3uitable regulatory sequences, can be used to reduce the 
level of fatty acid desaturases, thereby altering fatty 
acid composition, in transgenic plants which cont?iin.a;n^ 
endogenous gene substantially homologous to the 
introduced nucleic acid fragment. The experimental 

30 procedures necessary for this are similar to those V'^ 

described above for the overexpression of the fattyracid 
desaturase nucleic acid fragments except that one miay 

w 

also use a partial cDNA sequence. For example^ 
cosuppression of delta-12 desaturase in Brass iga na pus 
35 and soybean resulting in altered levels of , _ 



3- -'i'. 
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polyunsaturated fatty acids may be achieved by 
expressing in the sense orientation the entire or 
partial seed delta-12 desaturase cDNA found in pCF2-165D 
and pSF2-165K, respectively. Endogenous genes can also 
5 be inhibited by non-coding regions of an introduced copy 
of the gene [For example, Brusslan, J. A. et'al. (1993) 
Plant Cell 5:667-677; Matzke, M. A. et al.. Plant 
Molecular Biology 16:821-830]- We have shown that an , 
Arabidopsis gene (SEQ ID NO: 15) corresponding to the 

10 cDNA (SEQ ID N0:1) can be isolated. One skilled in the 
art can readily isolate genomic DNA containing or 
flanking the genes and use the coding or non-coding 
regions in such transgene inhibition methods. ''^ 'Lv 

Analysis of the fatty acid composition of 3r6^'^^|^|i^|;U^^^^^^^ 

15 seeds of Arabidopsis mutants deficient in microsomal . : 
delta-12 desaturation shows that they have reduced 
levels of 18:2 as well as reduced levels of 16:0 (as 
much as 40% reduced level in mutant seeds as compared to 
' wild type seeds) [Miquel and Browse (1990) in Plant ..^ ■ 

20 Lipid Biochemistry, Structure, and Utilization, 

pages 456-458, Ed. Quinn, P. J, and Harwood, J. .L.>. . • 

Portland Press. Reduction in the level of 16:0 is^^^||.,.'. 
observed in ultra high oleate mutants of n apus ,; : 

Thus, one can expect that ultra high level of iSrl in 

• an ■ 

25 transgenic plants due to antisense inhibition or cpr 

supression using the claimed sequences will also reduce 
the level of 16:0. 

Selection of Hosts. Promoters and Enhancers 

A preferred class of heterologous hosts for thej , ; ! - 
30 expression of the nucleic acid fragments of the ^^^^^g^^ 

invention are eukaryotic hosts, particularly the ,gells ; ^ ' 
of higher plants. Particularly preferred among the 
higher plants are the oil-producing species, such as 
soybean ( Glycine max ) , rapeseed (including Br assica ; 
35 napus^ fi. campestris) , sunflower <Helianthus annUS) , 
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cotton fGossypium hirsutum) i corn ffls^) / cocoa 

(Theobroma ££^Q^) , saf flower (CaythamUS tiOCtQgjlUS) , pll. 
palm f Elaeis guineehsisl , coconut palm (£0^:^ nuclfera^ , 
flax fLinum psitatissimum^ , and peanut (Arachis 
5 hypoqaea) . 

Expression in plants will use regulatory sequences , 
functional in such plants. The expression of foreign 
genes in plants is well-established (De Blaere et al., 
Meth. Enzymol. (1987) 153:277-291). The source of the 

10 promoter chosen to drive the expression of the fragments 
of the invention is not critical provided it has 
sufficient transcriptional activity to accomplish the 
invention by increasing or decreasing, respect ively,-, the; 
level of translatable roRNA for the fatty acid . :^$:tJ§^9f|(| 

15 desaturases in the desired host tissue, Prefe::red . • 
promoters include (a) strong constitutive plant 
promoters, such as those directing the 19S and 353 
transcripts in cauliflower mosaic virus {Odf^ll et al., 
Nature (1985) 313:810-812; Hull et al., Virology (i?87) . 

20 86:482-493)., (b) tissue- or developmentally-specif ic 

promoters, and (c) other transcriptional promoter hv; : ^ : 
systems engineered in plants, such as those using^^.^^gg|.;i 
bacteriophage T7 RNA polymerase promoter sequences ..to ' ^^^^^ 
express foreign genes. Examples of tissue- specif ic. 

25 promoters are the light-inducible promoter of the small 
subunit of ribulose 1, 5-bis-phosphate carboxy3-ase (if^ _ 
expression is desired in photosynthetic tissues) , the 
maize zein protein promoter (Matzke et al. r SMBO J. 
(1984) 3:1525-1532), and the chlorophyll a/b binding^ - 

30 protein promoter (Lampa et al.. Nature (1986) ; 
316:750-752) . _ : Vr . 

Particularly preferred promoters are those that 
allow seed-specific expression. This may be especially 
useful since seeds are the primary source of vegetable 

35 oils and also since seed-specific expression will avoj-d 
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any potential deleterious effect in non-seed tissues,^ . . , , 
Examples of seed-specific promoters, include, but are not 
limited to, the promoters of seed storage proteins, 
which can represent up to 90% of total seed protein in 
5 many plants. The seed storage proteins are strictly 
regulated, being expressed almost exclusively in seeds 
in a highly tissue-specific and stage-specific manner 
(Higgins et al., Ann. Rev. Plant Physiol. (1984) 
35:191-221; Goldberg et al.. Cell (1989) 56:149-160). 

10 Moreover, different seed storage proteins may be 
expressed at different stages of seed development. 

Expression of seed-specific genes has been studied 
in great detail (See reviews by Goldberg et al., Cell f Ui^^^- 
(1989) 56:149-160 and Higgins et al., Ann. Rev. Pf3^f^%?i^^v*^j::: : 

15 Physiol. (1984) 35:191-221). There are currently . 
numerous examples of seed-specific expression of seed 
storage protein genes in transgenic dicotyledonous^^ 
plants. These include genes from dicotyledono js plant s _^ ' ■ ' 
for bean b-phaseolin (Sengupta-Gopalan et al . , Proc. 

20 Natl. Acad.-. Sci. USA (1985) 82:3320-3324; Hoffman..et. 

al.. Plant Mol. Biol. (1988) 11:717-729), bean lectin • s 
(Voelker et al., EMBO J. (1987) 6:3571-3577), soybean ;;\; '^;V 
lectin (Okarauro et al., Proc. Natl. Acad. Sci. USA 
(1986) 83:8240-8244), soybean Kunitz trypsin inhibitor 

25 (Perez-Grau et al.. Plant Cell (1989) 1:095-1109), 

soybean b-conglycinin (Beachy et al., EMBO J. (1985) V" 
4:3047-3053; pea vicilin (Higgins et al., Plant Mol. 
Biol. (1988) 11:683-695), pea convicilin (Newbigin et . 
al., Planta (1990) 180:461-470), pea legumin (Shij|a| "ets ^^^.^^^^^^^^ 

30 al., Mol. Gen. Genetics (1989) 215:326-331); rapes|ed^^:.5|^^^^^^^ 
nap in (Radke et al., Theor. Appl. Genet. (1988) 
75:685-694) as well as genes from monocotyledonous 
plants such as for maize 15 kD zein (Hoffman et al., 
EMBO J. (1987) 6:3213-3221), maize 18 kD oleosin (Lee^ at . ; • 

35 al., Proc. Natl. Acad. Sci. USA (1991) 888:6191-6185),^ 
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barley b-hordein (Marris et al., Plant Mol. Biol, (1988) 
10:359-366) and wheat glutenin (Colot et al . , EMBCS J. ' ' 
(1987) 6:3559-3564). Moreover, promoters of seed- 
specific genes operably linked to heterologous coding 
5 sequences in chimeric gene constructs also maintain 
their temporal and spatial expression pattern i.i 
transgenic plants. Such examples include use of 
Arabidopsis thaliana 2S seed storage protein gene 
promoter to express enkephalin peptides in Ar abidopsis 

10 and fi. nasus. seeds (Vandekerckhove et al., 

Bio/Technology (1989) 7:929-932), bean lectin and bean 
b-phaseolin promoters to express lucif erase (Riggs et 
al.r Plant Sci. (1989) 63:47-57), and wheat qlutenln: ■ 
promoters to express chloramphenicol acetyl treinsffsjtta^^i?'?- . 

15 (Colot et al.r EMBO J. (1987) 6:3559-3564). 

Of particular use in the expression of the nucleic 
acid fragment of the invention will be the heterologous, 
promoters from several soybean seed storage protein • 
genes such as those for the Kunitz trypsin inh\bitor 

20 (Jofuku et al.. Plant Cell (1989) 1:1079-1093; crlycinin 

" -m ^^. : . . 

(Nielson et al.. Plant Cell (1989) 1:313-328), r-nd ;^ 
b-conglycinin (Harada et al., Plant Cell (1989) J:^; p-: ; 

1:415-425) . Promoters of genes for a- and b-subunits of 
soybean b-conglycinin storage protein will be • 
25 particularly useful in expressing the mRNA or the.^.^.^. 
antisende RNA in the cotyledons at mid- to late-stages 
of seed development (Beachy et al., EMBO J. <1985)- 
4:3047-3053) in transgenic plants. This is because . "i . 

there is very little position effect on their e.xpr|salpn 

30 in transgenic seeds, arid the two promoters show ^ • ' ' 

r^x^rm r'i:. 

different tenqporal regulation. The promoter for the 
a-subunit gene is expressed a few days before that for 
the b-subunit gene. This is important for transforming 
rapeseed where oil biosynthesis begins about a week .'^ ■ 
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before seed storage protein synthesis (Murphy et al., 
J. Plant Physiol. U989) 135:63-69). 

Also of particular use will be promoters of genes 
expressed during early embryogenesis and oil bio- 
5 synthesis. The native regulatory sequences, including 
the native promoters, of the fatty acid desatcrase genes 
expressing the nucleic acid fragments of the invention 
can be used following their isolation by those skilled 
in the art. Heterologous promoters from other genes 

10 Involved in seed oil biosynthesis, such as those for 

a. napus isocitrate lyase and malate synthase (Comai et * 
al.r Plant Cell (1989) 1:293-300), delta-9 desaturase 
from saf flower (Thompson et al. Proc. Natl. Acad. Sci;*; ' 
DSA (1991) 88:2578-2582) and castor (Shanklin et ai^^^e^j 

15 Proc. Natl. Acad. Sci. USA (1991) 88:2510-2514), acyl" 
carrier protein (ACP) from Arabidop^is (Post- 
Beittenmiller et al., Nucl. Acids Res. (1989) 17:1777)^ 
fi. naiais. (Safford et al., Eur. J. Biochem, (1988) 
174:287-295), and fi. camoestris (Rose et al,, Nucl. 

20 Acids Res. (1987) 15:7197), b-ketoacyl-ACP synthetase. 

from barley (Siggaard- Andersen et al., Proc. Natl Aca<i. . 
Sci. USA (1991) 88:4114-4118), and oleosin from Zea mays 
(Lee et al., Proc. Natl. Acad. Sci. USA (1991) 
88:6181-6185), soybean (Genbank Accession No: X60773) . 

25 and fi. napiiS. (Lee et al.. Plant Physiol. (1991) " 
96:1395-1397) will be of use. If the sequence of the 
corresponding genes is not disclosed or their promoter,, 
region is not identified, one skilled in the art can * use 
the published sequence to isolate the corresponding?;:gene 

30 and a fragment thereof containing the promotr::r. The : 
partial protein sequences for the relatively-abundant 
enoyl-ACP reductase and acetyl-CoA carboxylase are also 
published (Slabas et al., Biochim. Biophys. Acta (1987) 
877:271-280/ Cottingham et al., Biochim. Biophys . Acta 

35 (1988) 954:201-207) and one skilled in the art can use 
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these sequences to isolate the corresponding seed genes 
with their promoters. Similarly, the fragments of the 
present invention encoding fatty acid desaturases can be 
used to obtain promoter regions of the corresponding 
5 genes for use in expressing chimeric genes. 

Attaining the proper level of expression of the 
nucleic acid fragments of the invention may require the 
use of different chimeric genes utilizing different 
promoters. Such chimeric genes can be transferred into 
10 host plants either together in a single expression 
vector or sequentially using more than one vector. 

It is envisioned that the introduction of enhancers 
or enhancer-like elements into the promoter regions of • 
either the native or chimeric nucleic acid fragments Apf^^t 
15 the invention will result in increased expression to 
accomplish the invention. This would include viral 
enhancers such as that found in the 35S promoter (Odeli 
et al.. Plant Mol. Biol. (1988) 10:253-272), enhancers 
from the opine genes (Fromm et al.. Plant Cell (1989). 
20 1:977-984), or enhancers from any other source that:- 

result in increased transcription when placed into ?a * 
promoter operably linked to the nucleic acid fragment of 
the invention. 

Of particular importance is.the-DNA sequence^^^ 
25 element isolated from the gene for the a-subunit of ' 
b-conglycinin that can confer 40-fold seed-specific 
enhancement to a constitutive promoter (Chen et al. , . 
Dev. Genet. (1989) 10:112-122). One skilled in the art • 
can readily isolate this element and Insert it within;, 
the promoter region of any gene in order to obtain seed- 
specific enhanced expression with the promoter in 
transgenic plants. Insertion of such an element in any 
seed-specific gene that is expressed at diffe.reint times 
than the b-conglycinin gene will result in expression in 
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* transgenic plants for a longer period during seed 
development. 

The invention can also be accomplished by a variety 
of other methpds to obtain the desired end. In one 
5 form, the invention is based on modifying plants to 
produce increased levels of fatty acid desatv.rases by 
virtue of introducing more than one copy of the foreign 
gene containing the nucleic acid fragments of the 
invention. In some cases, the desired level of 
10 polyunsaturated fatty acids may require introduction of 
foreign genes for more than one kind of fatty acid 
desaturase . 

Any 3' non-coding region capable of providing a 
polyadenylation signal and other regulatory sequences .^i^.;**. 

15 that may be required for the proper expresr;ion of the 
nucleic acid fragments of the invention can be used to 
accomplish the invention. This would include 3' ends- of 
the native fatty acid desaturase (s) , viral geres such as 
from the 35S or the 19S cauliflower mosaic virus r V ' 

20 transcripts, from the opine synthesis genes, ri-bulpse 

1, 5-bisphosphate carboxylase, or chlorophyll a/b binding 
protein. There are numerous examples in the art that 
teach the usefulness of different 3' non-coding regions . 

Transformation Methods 

25 Various methods of transforming cells of higher 

plants according to the present invention are available 

/.luC'j^' or 

to those skilled in the art (see EPO Pub. 0 295 959 A2 

••: , ■ / 

and 0 318 341 Al) . Such methods include those based on 
transformation vectors utilizing the Ti and Ri olasmids 

30 of Agroba c t e r i um spp. It is particularly preferred to* 
use the binarv type of these vectors, Ti-de:rived 
vectors transform a wide variety of higher plants,. ^ , 
including monocotyledonous and dicotyledonour. plants. 
(Sukhapinda et al.. Plant Mol. Biol. (1937) 9:209-21.6; 

35 Potrykus, Mol. Gen. Genet. (1985) 199:183). Other : 
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transformation methods are available to those skilled in 
the art, such as direct uptake of foreign DNA constifucfes-' 
(see EPO Pub. 0 295 959 A2), techniques of electro- 
poration (Fromm et al.. Nature (1986) (London) 319:791) 
5 or high-velocity ballistic bombardment with metal 

paxticles coated with the nucleic acid constructs (Kline 
et al.. Nature (1987) (London) 327:70). Once 
transformed, the cells can be regenerated by those 
skilled in the art* 

10 Of particular relevance are the recently described 

methods to transform foreign genes into commercially 
inqportant crops, such as rapeseed (De Block et al,. 
Plant Physiol. (1989) 91:694-701), sunflower (Everett et 
al;, Bio/Technology (1987) 5:1201), and soybean >:c^t- 

15 (Christou et al., Proc. Natl. Acad. Sci USA (1989) 
86:7500-7504. 

Application to Molecular Breeding 
The 1.6 kb insert obtained fror?. the plexsmid i r"*"3 ' 
pSF2-169K was used as a radiolabelled probe on ei ,^ : ; .>:" 

20 Southern blot containing genomic DNA from soybean ^ ■ 
^Glycine max (cultivar Bonus) and Glycine soja 
(PI81762)) digested with one of several restriction , 
enzymes. Different patterns of hybridization 
(polymorphisms) were identified in digests performed 

25 with- restriction enzymes Hind III and Eco RI . These 

polymorphisms were used to map two pSF2-169 loci i 
relative to other loci on the soybean genome essentially 
• as described by Helentjaris et al.^ (Theor. Appl. (jehet-. 
(1986) 72:761-769). One mapped to linkage group 11.^^ 

30 between 4404.00 and 1503.00 loci (4.5 cM and 7.1 cMfrom 
4404.00 and 1503.00, respectively) and the other to 
linkage group 19 between 4010.00 and 5302.00 loci- 
(1.9 CM and 2.7 cM from 4010.00 and 5302.00, 
respectively) [Rafalski, A and Tingey, S. (1993} in \ . 

35 Genetic Maps, Ed. 0' Brien, S. J.] - The use of ^ 
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restriction fragment length polymorphism (RFLP) markers 
in plant breeding has been well-documented in the'arH"^" 
(Tanksley et al., Bio/Technology (1989) 7:257-264). 
Thus, the nucleic acid fragments of the invention can be 
used as RFLP markers for traits linked to expression of 
fatty acid desaturases. These traits will ir.clude 
altered levels of unsaturated fatty acids. The nucleic 
acid fragment of the invention can also be used to 
isolate the fatty acid desaturase gene from variant 
(including mutant) plants with altered levels of 
unsaturated fatty acids. Sequencing of these genes will 
reveal nucleotide differences from the normal gene that 
cause the variation. Short oligonucleotides designed 
around these differences may also be used in rnolecwliarK)|j;7. 
breeding either as hybridization probes or in DNA-based ; 
diagnostics to follow the variation in fatty acids. 
Oligonucleotides based on differences that are linked- to 



the variation may be used as molecular markers in 
breeding these variant oil traits. ,* 

20 EXAMPLES 

The present invention is further defined in the 
following Examples, in which all parts and percentages 
are by weight and degrees are Celsius, unless otherwise 
stated- It should be understood that these Examples/ 

25 while indicating preferred embodiments of the invention, 
are given by way of illustration only. From the above. 



discussion and these Examples, one skilled in the -art 



can ascertain the essential characteristics of this 



vil. 



invention, and without departing from the spirit and 
scope thereof, can make various changes and 
modifications of the invention to adapt it to various, v*- 'V' 
usages and conditions. All publications, including 
patents and non-patent literature, referred to in this^ 
specification are expressly incorporated by raference ■ 
herein. '^0; 
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EXAMPLE 1 

.Hi: ■ 

ISOLATION OF GENOMIC DNA FLANKING THE T-DNA SITBnOFi^ 
INSERTION. IN ARABIDQPSTS THAT.TAN A MUTANT T.TNE 65fi 
Identification of an ArabidopaiR thaliana 
5 T-DNA Mutant with Hioh Qlfiic Arid Content 

A population of Ayabidopsis thaliana (geographic 
race Wassilewski ja) transformants containing the 
modified T'-DNA of Agrobacterium tumefacien<^ was 
generated by seed transformation as described by 

10 Feldmann et al,, (Mol. Gen, Genetics (1987) 208:1-9). 
In this population the transformants contain DNA 
sequences encoding the pBR322 bacterial vector, nopaline 
synthase, neomycin phosphotransfer«4se (NPTII, confers 
kanamycin resistance), and b-lactarnase (confers "'^/K'-i^^^s:' 

15 ampicillin resistance) within the T~DNA border 

sequences. The integration of the T-DNA into different 
areas of the chromosomes of individual transformants may 
cause a disruption of plant gene function at or ne|ir^phja; 
site of insertion, and phenotypes associated with this 

20 loss of gene function can be analyzed by screening the 
population for the phenotype. 

T3 seed was generated from the wild type seed^.-^ • 
treated with Agrobacterium tumefaci ens by two rounds -of' 
self-fertilization as described by Feldmann et al., 

25 (Science (1989) 243:1351-1354). These progeny were - . 

segregating for the T-DNA insertion, and thus for any * 5 
mutation resulting from the insertion. Approximately 
10-12 leaves of each of 1700 lines were combined and^the 
fatty acid content of each of the 1700 pooled samples 

30 was determined by gas chromatography of the fatty acyl 

methyl esters essentially as described by Browse et al..., . 
(Anal. Biochem. (1986) 152:141-145) except that 2.5% 
H2SO4 in methanol was used as the methylation reagent. 
A line designated "658" produced a sample that gaw -an^ s 
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altered fatty acid profile compared to those of Ifne^s 
657 and 659 sampled at the same time (Table 8) . ^4;;^!^ 



Fatty Acid 
Methyl fister 


657 Leaf 
Pool 


659 Leaf 


658 Leaf 


16:0 


14 .4 


14 .1 


13 .6 


. 16:1 


4.4 


4.6 


4.5 


16:2 


2.9 


2.2 


2.7 


16:3 


13.9 


13.3 


13.9 . 


18:0 


1.0 


1.1 


0.9 


18:1 


2.6 


2.5 


4.9 


18:2 


14.0 


13.. 6 ■ 


12.8 


18:3 


42.9 


. 46.1 


44.4 

..9?.VA;i 


Analysis 


of ttie fatty 


acid composition 


of 12 ' 



individual T3 seeds of line 658 indicated that the 658. 
pool was composed of seeds segregating in three classes: . 
"high", "mid-range" and "low" classes with 
approximately, .37% (12 seeds) , 21% (7 seeds), and 14% 
(3 seeds) oleic acid, respectively (Table 9) . 















TABLE 9 






. "High" 


"Mid-range" 


"Low" 








Class 


16:0 


8.9 


8.7 


9:3 • 


16:1c 


2.0 


1.6 


2:6 


18:0 


4.5 


4.3 


4.4 


18:1 


37.0 


20.7 


14 .4 


18:2 


8.0 


24.9 


27.7 


18:3 


10.6 


14 .3 


i3:i . 


20:1 


25.5 


21.6 


20 .-4 



Thus, the high oleic acid mutant phenotype 
10 segregates in an approximately Mendelian ratio. ITa^l^^'^^^f.f- 
determine the number of independently segregating T-DNA 
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inserts in line 658, 200 T3 seeds were tested for their 
ability to germinate and grow in the presence of 
kanamycin [Feldman et al. (1989) Science 243:1351-1354]. 
In this experiment, only 4 kanamycin-sensitive 
5 individual plants were identified. The segregation 
ratio (approximately 50:1) indicated that line 658 
harbored three T-DNA inserts. In this and two other 
' experiments a total of 56 kanamycin-sensitive plants 
were identified; 53 of these were analyzed for fatty 
10 acid composition and at least seven of these displayed 
oleic acid levels that were higher than would be 
expected for wild type seedlings grown under these 
conditions. 

In order to more rigorously test whether the '^'.-'n^*? 

15 mutation resulting in high oleic acid is the result of 
T-DNA insertion. Applicants identified a derivative line 
that was segregating for the mutant fatty acid phenpt^e 
as well as a single kanamycin resistance locus. For' ' 
this, approximately 100 T3 plants were individually 

20 grown to maturity and seeds collected. One sample of 
seed from each T3 plant was tested for the ability^ to 
germinate and grow in the presence of kanamycin. ^,In . ^ v 
addition, the fatty acid compositions of ten additional 
individual seeds from each line were determined. A T3 

25 plantf designated 658-75^ was identified whose progeny; ; 
seeds segregated 28 kanamycin-sensitive to 60 kanamycin-* 
resistant and 7 with either low or intermedj.ate oleic 
acid to 2 high oleic acid. 

A total of approximately 400 T4 progeny seeds of 

30 the derivative line 658-75 were grown and the leaf fatty, 
acid composition analyzed. A total of 91 plants were 
identified as being homozygous for the high oleic acid^^ 
trait (18:2/18:1 less than 0.5). The remainirg plants*-. 
(18:2/18:1 more than 1.2) could not be definitively^; 

35 assigned to wild type and heterozygous classes on the 
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basis of leaf fatty acid composition and thus couidiihdt 
be used to test linkage between the kanamycin marker and 
the fatty acid mutation. Eighty three of the 91 
apparently homozygous high oleic acid mutant were tested 
5 for the presence of nopaline, another T-DNA marker, in 
leaf extracts (Errampalli et al. The Plant Ceil 
(1991)3:149-157 and all 83 plants were positive for the 
presence of nopaline. This tight linkage of the mutant 
fatty acid phenotype and a T-DNA marker provides 

10 evidence that the high oleic acid trait in mutant 658 is 
the result of T-DNA insertion. 

Plasmid Rescue and ftralygiiji 
One-half and one microgram of genomic DNA from the 
homozygous mutant plants of the 658-75 line, prepared^>44>i::rr 

15 from leaf tissue as described [Rogers, S. 0. and A. J, 
Bendich (1985) Plant Molecular Biology 5:69-76], was 
digested with 20 units of either Bam HI or Sal I ^ Ici-'^ 

restriction enzyme (Bethesda Research Labor?.tory) in a 

t't r '5" ^"-"^ 

50 JIL reaction volume according to the manufacturer's 

20 specifications. After digestion the DNA was extracted 
with buffer-saturated phenol (Bethesda Research 
Laboratory) followed by precipitation in ethanol. 
One-half to one microgram of Bam HI or Sal I digested 
genomic DNA was resuspended in 200 uL or 400 uL of 

25 ligation buffer containing 50 mM Tris-Cl, pH 8-0, 10 itiM 
MgCl2f 10 mM dithiothreitol, 1 mM ATP, and 4 units. . of T4 
DNA ligase (Bethesda Research Laboratory) . The dilute 
DNA concentration of approximate 2.5 ug/mL in the 
ligation reaction was chosen to facilitate 

30 circularization, as opposed to intermolecular joining.; ; 
The reaction was incubated for 16 h at iS'^C. Competent 
DHIOB cells (Bethesda Research Laboratory) were 
transfected with 10 ng of ligated DNA per 100 ^.L of' 
competent cells according to the manufacturer's 

35 specifications. Transformants from Sal I or Be.m HI 
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digests were selected on LB plates (10 g Bacto-trypt.one/ 
5 g Bacto-yeast extract, 5 g NaCl, 15 g agar per liter, 
pH 7.4) containing 100 jlg/mL ampicillin. After overnight 
incubation at 37°C the plates were scored for 
5 an^icillin-resistant colonies. 

A single ampicillin-resistant trans formeint derived 
from Bam Hl-digested plant DNA was used to start a 
culture in 35 mL LB mediuni (10 g Bacto-tryptone, 5 g 
yeast-extract r 5 g NaCl per liter) containing 25 mg/L 

10 ampicillin. The culture was incubated with shaking 

overnight at 37**C and the cells were then collected by 
centrifugation at lOOOxg for 10 mln. Plasnicl DNA, 
designated p658-l, was isolated from the cells by the^ 
alkaline lysis method of Biritibiom et al. [NucleiC;. Acid : > 

15 Research (1979) 7:1513-1523], as described in Sambrpok ; 
et al., (Molecular Cloning, A Laboratory Manual, 2ndJ eid . 
(1989) Cold Spring Harbor Laboratory Press) . Flasmid 
p658-l DNA was digested by restriction enzymes Bam HI, 
Eco RI and Sal I (Bethesda Reseach liaboratory) and 

20 electrophoresed through a 1% agarose gel in IxTBE buffer 
(0.089M tris-^borate, 0.002M EDTA) . The restriction . 
pattern indicated the presence in this plasmid of the.^^/. 
expected 14.2 kB T-DNA fragment and a 1.6 kB putative 
plant DNA/T-DNA border fragment. ^t:.f , 

25 EXftMPLE 2 "^^^^ .' 

CLONING QF ftRftBIPQPSIS THALIftWA MICRQSQM^LJaELlA^ ' 
DESATURASE CPNft PSINS GENOMIC J3SKJ£LM!nm.Jm. , 

T-DNA SITE QF INSERTION IN ARA BIDOPSTS THA MANA 

WyXANT I^INE 658-75 AS A H yB RTP I g ATIOH-SBflBE , 
30 Two hundred nanograms of the 1 . 6 kB Eco RI-Bam HI 

fragment from plasmid p658-lr following digestion of the 
plasmid with Eco RI and Bam HI and purification by ■ , • 
electrophoresis in agarose, was radiolabelled v/ith ^ ' 
alpha [32P]-dCTP using a Random Priming Labeling Kit 
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(Bethesda Research* Laboratory) under conditions 
recommended by the manufacturer. 

The radiolabeled DNA was used as a probe to screen 
an Arabidopsis cDNA library made from RNA isolated from . 
5 above ground portions of various growth stages (Elledge 
et. al.r (1991) Proc, Nat. Acad. Sci., 88:1731-1735) 
essentially as described in Sambrook et al., (Molecular 
Cloning, A Laboratory Manual, 2nd ed. (1989) , Cold 
Spring Harbor Laboratory Press) . For this^ 

10 approximately 17,000 plaque-formlng units were plated on 
seven 90mm petri plates containing a lawn of LE392 
E. coli cells on N2Y agar media (5 g NaCi, 2 g MgS04-7 
H20, 5 g yeest extract, 10 g casein acid hydrolysate, 
13 g agar per liter). Replica filters of the phage r; .• 

15 plaques were prepared by adsorbing the plaques onto ; 

nitrocellulose filters (BA85, Schleicher c.nd Schueli)' ' ' 
then soaking successively for five min each in 0.5 M 
NaOH/1 M NaCl, 0.5 M Tris (pH 7.4) /I. 5 M NaCl and 2xSSPE 
(0..36 M NaCl, 20 mM NaH2P04 (p H7.4), 20 mM EDTA 

20 (pH 7.4)) . The filters were then air dried and baked 
for 2 h at 80°C. After baking the filters were wetted 
in 2X SSPEr and then incubated at 42°C in 
prehybridization buffer (50% Formamide, 5X SSPE, 1%.SDS, 
5X Denhardt's Reagent, and 100 ug/mL denatured salmon ' 

25 sperm DNA) for 2 h. The filters were remox^ed from the 
prehybridization buffer, and then transferred to 
hybridization buffer (50% Formamide, 5X .SSPE, 1% SDS, IX 
Denhardt's Reagent, and 100 ug/mL denatured salmon. sperm 
DNA) containing the denatured radiolabeled probe (see 

30 above) and incubated for 40 h at 42''C. The filters were 

washed three times in 2X SSPE/0.2% SDS at 42^C (15 min 

'-^c^v , . ..• 

each) and twice in 0.2X SSPS/0,2% SDS at 55°C (30 min ^ ^ 
each) , followed by autoradiography on Kodak XAR-5 film 
with an intensifying screen at -80^C, overnight. 
35 Fifteen plaques were identified as positively- 
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hybridizing on replica filters. Five of these v/ere 
subjected to plaque purification essentially as 
described in Sambrobk et al., (Molecular Cloning, A' 
Laboratory Manual, 2nd ed. (1989), Cold Spring Harbor 
5 Laboratory Press) . The lambda YES-R cDNA clones were 
converted to plasmid by propagating the phag^j in the 
R. coli BNN — 132 cells, which expresses Cre protein that 
excises the cDNA insert as a double-stranded plasmid by 
ore-mediated in vivo site-speicifc recombination at a 

10 'lox' sites present in the phage. Ampicir.lin-resistant 
plasmid clones containing cDNA inserts were gro^-m in 
liquid culture, and plasmid DNA was prepared using the 
alkaline lysis method as previously described. ' The 
sizes of the resulting plasmids were analysec. by 

15 electrophoresis in agarose gels. The agarose eels were 
* treated with 0.5 M NaOH/1 M NaCl, and 0.5 M ; 
Tris(pH 7.4), 1.5 M NaCl for 15 min each, and the gel- 
was then dried completely on a gel drier at 65°C, The 
gel was; hydrated in 2X SSPE and inciabated overnight, at 

20 42**C, in hybridization buffer containing the denatured 
radiolabeled probe, followed by washing as described^^ 
eJDOve. After autoradiography, the inserts of four of 
the purified cDNA clones were found to have hybridized _ 
to the probe. Plasmid DNA from the hybridizing clones 

25 was purified by equilibration in a CsCl/ethidium bromide 

*■' r ■ 5. 

gradient (see above) . The four cDNA clones v-ere 
sequenced using Sequenase T7 DNA polymerase (US 
Biochemical Corp.) and the manufacturer's instructions/ 
beginning with primers homologous to vector sequences 

30 that flank the cDNA insert . After comparing the partial 
sequences of the inserts obtained from the four clones, 
it was apparent that they each contained sequences in ; 
common. One cDNA clone, p92103, containing ca. 1.4 kfi 
• cDNA insert, was sequenced. The longest thrp.? clones. 

35 were subcloned into the plasmid vector pBlMef;cript. 
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(Stratagene) . One of these clones, designatad pSF2b, 
containing ca 1.2 kE cDNA insert was also sequenced 
serially with primers designed from the nev?ly acquired 
sequences as the sequencing experiment progressed. The 
5 composite sequence derived from pSF2b and p92103 is 
shown in SEQ ID N0:1. 

EXAMPLE 3 
CLONING QF PLANT f ATTY ACIP 

10 MICROSOMAL DELTA-12 DESATURASF. cDNA CX^nW, AS A 

An approximately 1.2 kb fragment containing the 
. ArabidQpsis delta-12 desaturase coding sequence' of SEQ 
ID N0:1 was obtained from plasmid pSF2b. This plasraijdi*;-;;* 
15 was digested with EcoR I and the 1.2 kb delta-12 

desaturase cDNA fragment was purified from the vector 
sequence by agarose gel electrophoresis, rr'h^j fragment 
was radiclabelled with ^^p previously described.. 
Cloning of Bras??ica^napj3iL-££gjd 
2 0 cPNA Encoding Microsomal V<^lt^lZJ£:^t.t^^,^s:AA • \ ^ . 

The radiclabelled probe was used to screen a 
Braasica na;QUa seed cDNA library. In order to construct 
the library, Brassica napus seeds were harvested 20-21 

25 days after pollination, placed in liquid nit rogen^^.and 
polysomal RNA was isolated following the procedure ^pf 
Kamalay et al., (Cell (1980) 19:935-946). The 
polyadenylated mRNA fraction was obtained by affinity 
chromatography on oligo-dT cellulose (Aviv et al,, Proc. 

30 Natl. Acad. Sci . USA (1972) 69:1408-1411), Four 

micrograms of this mRNA were used to construct a seed 
cDNA library in lambda phage (Uni-ZAP™ XR vector )_ using 
the protocol described in the ZAP-cDNA*"^ Syiitbesis^^Kit 
(1991 Stratagene Catalog. Item #200100) . App-cximately ' 

35 600,000 clones were screened for positively hybridizing 
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plaques using the radiolabelled EcoR I fragment from 
pSF2b as a probe essentially as described in Sambrook et 
al., (Molecular Cloning: A Laboratory Manual, 2nd ed. 
(1989) Cold Spring Harbor Laboratory Press) except that 
5 low stringency hybridization conditions (50 mM Tris, pH 
7. .6, 6X SSC^ 5X Denhardt's, 0.5% SDS, 100 ^g denatured 
calf thymus DNA and 50®C) were used and post- 
hybridization washes were performed twice with 2X SSCf 
0,5% SDS at room temperature for 15 min^ then twice with 

10 0.2X SSC, 0,5% SDS at room tenperature for 15 nin, and 
then twice with 0.2X BSC, 0.5% SDS at 50''C for 15 min. 
Ten positive plaques showing strong hybridization were 
picked, plated out, and the .screening procedure was 
repeated. From the secondary screen nine purs phage />>73-: 

15 plaques were isolated. Plasmid clones containing the 
cDNA inserts were obtained through the use of a helped 
phage according to the in vivo excision protocol 
provided bv Stratagene, Double-stranded DNA wnr. ' ■ 
prepared using the alkaline lysis method as p::e\*iously 

20 described, and the resulting plasmids were r,i:>:i- analyzed 
by electrophoresis in agarose gels. The largest one of 
the nine clones, designated pCF2-165D, contaired an, 
approximately 1 . 5 kb insert which was sequenced as 
described above. The sequence of 1394 bases of the cDNA 

25 insert of pCF2-165D is shown in SEQ ID NO: 3, Contained 

C V- u 

in the insert but not shown in SEG ID NO: 3 p.re 
approximately 40 bases of the extreme 5' end of the 5' 
non-translated region and a poly A tail of abc^-^t 38. 
bases at the extreme 3 ' end of the insert . 
30 Cloning of a Soybean Seed 

cDNA Ennodinq MirrQanmal Delta-12 ' ' ' 

Fatty Acjnd Pesflturase 
A cDNA library was made as follows : Soybean 
embryos (ca. 50 mg fresh weight each) were renoved from 
35 the pods and frozen in liquid nitrogen. The frozen 
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embryos were ground to a fine powder in the presence of 
licjuid nitrogen and then extracted by Polytrcn " 
homogenization and fractionated to enrich for total RNA 
by the method of Chirgwin et al. (Biochemistry (1979) 
5 18:5294-5299) . The nucleic acid fraction was enriched 
for poly A'^RNA by passing total RNA through aii oligo-dT 
cellulose column and eluting the poly A'^'RNA with salt as 
described by Goodman et al . (Meth. Enzymol. (1979) 
68:75-90) . cDNA was synthesized from the purified poly 

10 A'^NA using cDNA Synthesis System (Bethesda Research 
Laboratory) and the manufacturer's instructions. The 
resultant double-stranded DNA was methylated by Eco HI 
DNA methylase (Promega) prior to filling-in its ends 
with T4 DNA polymerase (Bethesda Research Itafccratory).!)^^*^:*" 

15 and blunt -end ligation to phosphorylated Eco Rl linkers 
using T4 DNA ligase (Pharmacia) . The double-stranded • 
DNA was digested with Eco RI enzyme, separated from 
excess linkers by passage through a gel filtration 
column (Sepharose CL-4B) , and ligated to lambda ZAP 

20 vector (Stratagene) according to manufacturer's 

instructions. Ligated DNA was packaged into phage using 
the Gigapack packaging extract (Stratagene) according^^t;p. 

manufacturer's instructions. The resultant cDNA library 

-.:/:.i.r. at 

was amplified as per Stratagene 's instructions and 

25 stored at -80**C. 

Following the instructions in the Lambd^^ ZAP 
Cloning Kit Manual (Stratagene) , the cDNA phaoe library 
was used to infect £. coli BB4 cells and approximately 
600,000 plaque forming units were plated onto 150 mm 

30 diameter petri plates. Duplicate lifts of the plates 
were made onto nitrocellulose filter?? (Schleicher & 
Schuell) . The filters were prehybridized in 25 mL of 
hybridization buffer consisting of 6X SSPE;. 5X 
Denhardt's solution, 0.5% SDS, 5% dextran :^i:lfr?.te and 

35 0.1 mg/mL denatured salmon sperm DNA (Sigma Chemical 
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Co.) at 50®C for 2 h. Radiolabelled probe prepared from 
pSF2b as described above was added, .and allowed to 
hybridize for 18 h at 50**C. The filters were washed 
exactly as described above. Autoradiography of the 
5 filters indicated that there were 14 strongly 

hybridizing plaques. The 14 plaques were subjected to a 
second round of screening as before. Numerous, strongly 
hybridizing plaques were observed on 6 of the 14 
filters, and one, well-isolated from other phage, was 

10 picked from each of the six plates for further analysis. 

Following the Lambda ZAP Cloning Kit Instruction 
Manual (Stratagene) , sequences of the pBluescript 
vector, including the cDNA inserts, from the purified 
phages were excised in the presence of a helper phagectci^tT 

15 and the resultant phagemids were used to infect E. gqH 
XL-1 Blue cells. DNA from the plasmids was made by the 
Promega "Magic Miniprep" according to th^ manv.facturers^^ 
instructions. Restriction analysis indicated that the. 
plasmids contained inserts ranging in size from 1 kh to 

20 2.5 kb. The alkali-denatured double-stranded DNA from 
one of these, designated pSF2-169K contained an insert 
of 1.6 kb, was seoruenced as described above. The , .. . .. 
nucleotide sequence of the cDNA insert in plasmid ;* • 

pSF2-169K shown in SEQ ID N0:5. 

25 Cloning of a Corn (2ea maya^ 

F&tty Acid Pegaturase 

xor- 

Corn microsomal delta-12 desaturase cDNA was 
Isolated using a PCR approach. For this, a cDNA library 

30 was made to poly A"*" RNA from developing corn embryos in 
Lambda ZAP II vector (Stratagene) . 5-10 ul of this \ 
library was used as a template for PCR using ICO pmol 
each of two sets of degenerate oligomers NS3 (SEQ ID 
NO: 13) and equimolar amounts of RB5a/b (that ir., 

35 equimolar amounts of SEQ ID NOS: 16/17) as sense and ■ 
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antlsense primers, respectively. NS3 and FBba/h 
correspond to stretches of amino acids 101-109 and 
318-326, respectively, of SEQ ID NO: 2, which are 
conserved in most microsomal delta-12 desaturases (SEQ 
5 ID N0S:2, 4, 6, 8) . PGR was carried out using the PGR 
kit (Perkin-Elmer) using 40 cycles of 94°C 1 min, 45**C, 
1 min, and 55^C, 2 min. Analyses of the PGR products on 
an agarose gel showed the presence of a product of the 
expected size (720 bp), which was absent in control 

10 reactions containing either the sense or anti sense 
primers alone. The PGR product fragment was gel 
purified and then used as a probe for screening the same 
corn cDNA library. at 60®G as described above. One 
positively-hybridizing plaque was purified and parjs:i^a^^*}g7 

15 sequence determination of its cDNA showed it to be a 
nucleotide sequence encoding microsomal delte-12 
desaturase but truncated at the 3* end. The cDNA insert 
encoding the partial desaturase was gel isolated and ' 
used to probe the corn cDNA library again. Several 

20 positive plaques were recovered and characterised. DNA 
sequence analysis revealed that all of these clones^,seem 
to represent the same sequence with the different length- 

of 5' or 3' ends. The clone containing the longest. 

:*CL.v Cm? 

insert, designated pFad2#l, was seqi?.enced completely 
25 SEQ ID NO: 7 shows the 5' to 3' nucleotide seq^aence of 

1790 base pairs of corn ^ Zea mays > cDNA which encodes . 
microsomal delta-12 desaturase in plasmid pFad2#l, 
Nucleotides 165 to 167 and nucleotides 132 6 to 1328 are, 
respectively, the putative initiation codon and the , 
30 termination codon of the open reading frame (nucleotides 
164 to 1328) . SEQ ID NO: 8 is the 387 amino cicid prpteiii 
sequence deduced from the open reading frane 

(nucleotides 164 to 1328) in SEQ ID N0:7. The deduced-, 

^. c v: 

amino acid sequence of the pol;^^eptide shared Ov^erjall : 
35 identities of 71%, 40%, and 38% to Arabidop.srs 
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xnicrosoxnal delta-12 d<5saturase. Arabidopsis nicrosomal 
delta-15 desaturase, and Arabidopsis plastid delta-lS 
desaturase, respectively. Furthermore, it lacked an 
N-terminal amino acid extension that would indicate it 
5 is a plastid enzyme. Based on these considerations, it 
is concluded that it encodes a microsomal delca-12 
desaturase . 

Cloning of a cDNA Encoding A Microsomal D elta-12 

1 0 Desaturase-RQlated Enzymes from Castor Ber. n S^ed 

Castor microsomal delta-12 desaturase cDNA was 
isolated using a RT-PCR approach. Polysomal mRNA was 
isolated from castor beans of stages I-II (5-10 DAP), and 
also from castor beans of stages IV-V (20-25 DAP) ^;.:t^i>9j>§'? 

15 Ten ng of each mRNA was used for separate RT-PCR 

reactions, using the Perkin-Elmer RT-PCR kit with the 
reagent concentration as recommended by thf^ kit 
protocol. The reverse transcriptase reaction i/as primed 
with random hexamers and the PCR reaction with 100 pmol 

20 each of the degenerate delta~12 desaturase primers NS3 
and NS9 (SEQ ID N0S:13 and 14, respectively) The \^ 
reverse transcriptase reaction was incubated a": 25**C. for, 
10 min, 42°C for 15 min, 99*'C for 5 min and 5^C for 
5 min. The PCR reaction was incubated at 95*^0 for 2 min 

25 followed by 35 cycles of 95*'C for 1 min/50''C for 1 min. 
A final incubation at 60**C for 7 min completed the . 
reaction. A DNA fragment of 720 bp was amplified from 
both stage I-II and stagef IV-V mRNA. The amp.l if ied^DNA 
fragment from one of the reactions was ge^?L purified, and , 

30 cloned into a pGEM-T vector using the Pronega pGEM-T PCR 
cloning kit to create the plasmid piRF2-lC. The 720 bp 
insert in pRF2-lC was sequenced, as described above^ and 
the resulting DNA sequence is shown in SEQ ID NO: 9. The 
DNA sequence in SEQ ID NO: 9 contains an opp.n-reading,^ ' 

35 frame encoding 219 amino acids. (SEQ ID NO: 10) which has 
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81% identity (90% similarity) with amino acids 135 to : ?. 
353 of the Arabidopsis microsomal delta-12 desaturasei- ^ rTtVi. 
described in SEQ ID NO: 2. The cDNA insert in pRF2-lC is 
therefore a 673 bp fragment of a full-length cDNA 
5 encoding a castor bean seed microsomal delta-12 

desaturase. The full length castor bean seec ir.icrosomal 
delta-12 desaturase cDNA may isolated by screening a 
castor seed cDNA library, at 60*^C, with the labeled 
insert of pRF2-lC as described in the example above. 
10 The insert in pRF'2-lC may also be used to screen castor 
bean libraries at lower temperatures to iso3-at:e delta-12 
. desaturase related sequences, such as the del'::c--12 
hydroxylase. 

A cDNA library made to poly A"*" mRNA i'^ol.a'rA^.d >fx(OTap^^^^ 

15 developing castor beans (stages IV-V, 20-25 T>P.P) was 

screened as described above* Radiolabeled probe / 
prepared from pSF2b or pRF2-lC, as described alriove, ^.wiere V 
added, and allowed to hybridize for 18 h at 50''C. The 
filters were washed as described above. Autor<».diography 

20 of the filters indicated that there were nv.mKrous 
hybridizing plaques^ which appeared either strongly 
hybridising or weakly hybridising. Three of the ■ . 

strongly hybridisng plaques (190A-41f 190A-4 2 and ^ 
190A-44) and three of the weakly hybridising plaques, ' ' 

25 (190B-41, l90b-43 and 197c-42) , were plaque purified 

using the methods described above. The cDNA insert size iv^ 
of the purified phages were determined by PGR 
amplication of the insert using phage as tenplgite and 
lambda-gtll oligomers (Clontech lambda-gtll Anplimers) 

30 for primers. The PCR-amplif ied inserts of the amplified ' 
phages were subcloned into pBluescript (Pharmacia) which 
had been cut with Eco RI and filled in with Klenow ' 
(Sambrook et al. (Molecular Cloning^ A Laboratory 
Approach, 2nd. ed. (1989) Cold Spring Harbor Laboratory 

35 Press) . The resulting plasmids were called [oRFigOa-^l^ 
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pRF190a-42, pRF190a-44, pRF19bb-41, pRF190b-43 and , . 
pRF197c-42. All of the inserts were about 1.1 kb with 
the exception of pRF197c-42 which was approx. 1.5 kb. 
The Inserts in the plasmids were sequenced as described 
5 above. The insert in pRF190b-43 did not contain any 
open reading frame and was not identified. I.i3 inserts 
in pRF190a-41, pRF190a-42, pRF190a-44 and pRF190b-41 
were identical. The insert in pRF197c^42 contained all 
of the nucleotides of the inserts in pRF190a-*<!i, 

10 pRF190a-42, pRF190a-44 and pRF190b'-41 plus an additional 
approx. 400 bp. It was deduced therefore that the 
insert in pRF197c-42 was a longer version of the inserts 
in pRF190a"41, pRF190a-42, pRF190a--44 and pR.?190b-41 and 
all -were derived from the same full-length m?-]\'.\, The>::^^7 

15 complete cDNA sequence of the insert in pla;3m:,d 

pRF197c-42 is shown in SEQ ID NO: 11- The deduc-id amino 
acid sequence of SEQ ID NO: 11, shown in SEQ ID N0:12,ls' 
78.5% identical (90% similarity) to the castor 
microsomal delta-12 desaturase described above (SEQ, ID 

20 NO: 10) and 66% identical (80% similarity) to t:ie ..^j.;^.,,. 
Arabidopsi s delta-12 desaturase amino acid sequence in 
SEQ ID NO: 2, These similarities confirm tha^. ■•-^RF197.c-42' 
is a castor bean seed cDNA that encodes a mi'rrcsomal 
delta-12 desaturase or a microsomal delta-1? desaturase- 

25 related enzyme, such as a delta-12 hydroxylase. 

Specific PCR primers for pRF2-lC and pRF197c-42 were^ ^ 
made. For pRF2-lc the upstream primer was bases 180 to 
197 of the CDNA sequence in SEQ ID NO: 9. For r^RF197c-42 
the upstream primer was bases 717 to 743 of th^^ cDN^ ^ 

30 sequence in SEQ ID NO: 11. A common downstream primer 
was made corresponding to the exact compJ.ement of the 
nucleotides 4 63 to 478 of the sequence described in SEQ 
ID NO: 9. Using RT-PCR with random hexamers and the, 
above primers, and the incubation temperatures described 

35 above, it was observed that mRNA which gave rise to the 



wo 94/11516 



PCr/US93/a9987 



SO 

cDNA contained in pRF2-lC is present in both Stage I-II 
and Stage IV-V castor bean seeds whereas mRNA which gave 
rise to the cDNA contained in plasmid pRF197c-42 is 
present only in Stage IV-V castor bean seeds, i.e., it 
5 is only expressed in tissue actively synthesizing 
ricinoleic acid. Thus it is possible that this cDNA 
encodes a delta-12 hydroxylase. 

Clones such as pRF2-lC and pRF197c-42, and other 
clones from the differential screening, which- based on 

10 their DNA sequence, are less related to castor bean seed 
microsomal delta-12 desaturases and are not any of the 
known fatty-acid desaturases described above or in . 
WO 9311245, may be expressed, for example^ in soybean 
embryos of another suitable plant tissue, or in a c-ij-^i^-fs^y^Y*- 

15 microorganism, such as yeast, which does not normally- 
contain ricinoleic acid, using suitable exprerssion 
vectors and transformation protocols. The presence, . o3|j 
novel ricinoleic acid in the transformed tissue (s) 
expressing the castor cDNA would confirm the identity of 

20 the castor cDNA as DNA encoding for an oleate . ^ 

hydroxylase. 

IDOPSIS T HALIANA DELTA-12 DE<= ATURASE 
E AS A RESTRICTION FRAGMENT LENGTH 

PESATUPASE LQCUS JW APABJJ3Q£SJ5. ' ■ 

The gene encoding Ar-aJlid.QR£i£ microsomal delta-12 
desaturase was used to map the genetic locus encoding 
the microsomal delta-12 desaturase of Arabidopsis 

30 thaliana , pSF2b cDNA insert encoding Arabidopsis - 

microsomal delta~12 desaturase DNA v;as radioJ.abc^led ,and ■ 
used to screen an A_rfit>idopsis genomic DNA. library, DNA 
from several pure strongly-hybridiz.Vng phages wcis J^^ 
isolated. Southern blot analysis of the, DHA from 

35- different phages using radiolabeled pSF2b cDN?^ insert as 
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the probe identified a 6 kb Hind III inserz fragment to 
contain the coding" region of the gene. This j:ragment 
was subcloned in pBluescript vector to result in plasmld 
pAGF2-6 and used for partial sequence determination. 
5 This sequence (SEQ ID NO: 15) confirmed that it is the 
microsomal delta-12 desaturase gene. DNA frxn two 
phages was isolated and labelled with 32p using a random 
priming kit from Pharmacia under conditions ::ei commended 
by the manufacturer. The radioactive DNA was used to 

10 probe a Southern blot containing genomic DNA r^rom 

Arabidopsis tlisJJjLria (ecotype Wassileskija and marker 
line WlOO .ecotype Landesberg background) digested with 
one of several restriction endonucleases . Following 
hybridization and washes under standard condv:.:.onsig/^§ji7 

15 (Sambrook et al.. Molecular Cloning': A Laboratory 
Manual/ 2nd ed. (1989) Cold Spring H5.rbor Lalvn atory 
Press), autoradiograms v/ero ohtainv-^d. A different , 
jpattern of hybridi::ation ;poI:^morphi5m) was identified 
in Hind Ill-digested genomic DNAs usina one of the, phage 

20 DNAs.. This polymorphism was located to a 7 kB Hind III 
fragment in the phage DNA that revealed the ^ ^.^ ■ 

polymorphism. The 7 kb fragment was subclonnd in 
pBluescript vector to result in plasmid pAGF2-7. ..^^ 
Plasmid pAGF2-7 v;as restricted with Hind III i^.r-syme and 

25 used as a radiolabelled probe to map the po \:/norphi|5m 
essentially as described by Helentjari^ et al . (Theor. 
Appl. Genet. (1986) 72:761-769). The radiolabelled. QNA 

> *'uCl 

fragment was applied as described above to Southerxij^ 
blots of Hind Ill-digested genomic DNA isolated from 117 

30 recombinant inbred progeny (derived from sinrrle-seed , 
descent lines to the Fg generation) resulting from a 
cross between Ar_abidor>sis thalj^na marker line WlOO and 
ecotype X-Jassileski ja (Burr et al,^ Genetics (?-988) 
• 118:519-526) . The bands on the autoradiograms were 

35 interpreted as resulting from ■ inheritance of either , 
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paternal (ecotype Wassileski ja) or ;naterrial (tiarker line 
WlOO) DNA or both " (a heterozygote) . The resulting 
segregation data were subjected to genetic analysis 
using the computer program Mapmaker (Lander et al., 
5 Genomics (1987) 1:174-181). In conjunction with 

previously obtained segregation data for 63 anonymous 
RFLP markers and 9 morphological markers in A rabidopsis 
thaliana (Chang et al., Proc. Natl. Acad. Sci. USA 
(1988) 85:6856-6860; Nam et al., Pl^nt Cell r'.989) 
10 1:699-705), a sisigle genetic locus was positioned 
corresponding to the microsomal delta-12 dess^urase 

• gene. The. location of the microsomal dolta-T.? 
desaturase gene was thus determined to be 13.-5 cM 
proximal to locus c3838, 9.2 cM distal to loc^-i: lAt22i^^3;' 

15 and 4,9 cM proximal to FadD locus on chromosome 3 
[Koorneef, M. et.. al. (1993) in Genetic Maps, Ed. 
O'Brien, S. J.; Yadav et al. (1993) Plant Phy.^iology- 
JL£ia:467-476.] 

- 20 USE OF SOYBEA N MICROSO MAL DELTA-12 DKSATUR ASE cDNA 

LENGTH POLYMQPEBIiSM (RFLP) MARgJkE 
The 1 . 6 kb insert obtained from the plasmid .... 
pSF2-169K as previously described was radio label led with 

25 32p using a Random Priming Kit from Bethesda Pesearch 
Laboratories under conditions recommended by the 
manufacturer. The resultincf radioactive probe was used 
to probe a Southern blot (Saml>rook et al.- Molecular 
Cloning: A Laboratory Manual, 2nd Ed. (:i9ilf)) Cold 

30 Spring Harbor Laboratory Press) containing genomic DNA- 
from soybean ( Glycine max (cultivar Bonus) and Glycine ^ 
soja (PI81762)) digested v;ith one of several restriction 
enzymes. After hybridization and crashes unde:: low 

• stringency conditions (50 mM Tris, pH 7.5, 5X SSPE, 10% 
35 dextran sulfate, 1% SDS at SS'^C for the hybridization . 
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and initial washes, changing to 2X SSPE and 0.1% SDS for 
the final wash) , aiatoradiograms were obtained, and 
different patterns of hybridization (polymorphisms) were* 
identified in digests performed with restriction enzymes 
5 Hind III and Eco RI. These polymorphisms were used to 
map two pSF2-169k loci relative to other loc:. on the 
soybean genome essentially as described by Helentjaris 
et al*, (Theor. Appl. Genet. (1986) 72:761-769). The. 
map positions of the polymorphisms v/ere determined to be 

10 in linkage group 11 between 4404.00 and 1503.00 loci 
(4.5 CM and 7.1 cM from 4404.00 and 1503.00, 
respectively) and .linkage group 19 between ^ 010. 00, and 
5302.00 loci (1.9 cM and 2.7 cM from 4010.00 end 
5302.00, respectively) [Raf alski, ■ A. and Tinc.oy, S^ar^o^ 

15 (1993) in Genetic Maps, Ed. O* Brien, S. J..1 , 

EXAMPLE 6 

EXPRESSION OF MICROSOMAL D E LTA-12 DE SATURAS^. TH SQYBEAWS 
Construction of Vectors for Tranc^f pr!P=^t i ^ri_^^ 

Plasmids containing the antisense G. mny microsomal 
delta-12 desaturase cDNA sequence under control of the 
soybeem Kunitz Trypsin Inhibitor 3 (KTi3) promoter 

25 (Jofuku and Goldberg, Plant Cell (1989) 1 ; 107?"1093j , . 
the Phaseolus vulgaris 7S seed storage protein 
(phaseolin) promoter (Sengupta-Gopa Ian et al.; ?roc. 
Natl. Acad. Sci. USA (1985) 82:3320-3324; Hoffman. et 
Sil., Plant Mol. Biol. (1988) 11:717-72 5) and soybean 

30 beta-conglycinin promoter (Beachy o.t al., EMBO J. .(1985); 
4:3047-3053), were constructed. The construction of 
vectors expressing the soybean delta-12 desaturase 
antisense cDNA under th€^ control of these pron.oters was 
facilitated by the use of the following plasmids: 

35 pML70, pCWlOS and pCW109A. 
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The pML70 vector contains the KTi3 promox:er and the 
KTi3 3' untranslated region and was derived from the 
commercially available vector pTZlSR (Pharmacia) via the 
intermediate plasmids pMLSl, pMLSS, pML54 and pML65. A 
5 2.4 kb Bst BI/Eco RI fragment of the complete soybean 
KTi3 gene (Jofuku and Goldberg (1989) Plant Cell 
1:1079-1093), which contains all 2039 nucleotides of the 
5* untranslated region and 390 bases of the coding 
sequence of the KTi3 gene ending at the Eco RI site 

10 corresponding to bases 755 to 761 of the sequence 

described in Jofuku et al (1989) Plaht Cell 1.427-435, 
was ligated into the Acc I /Eco RI sites of pTZ18R to 
create the plasmid pML51, The plasmid pMLFl was cut 
with Nco I, filled in using Klenow, and reli<frted> 'vto*^cf*«; 

15 destroy an Nco I site in the middle of the 5' 

untranslated region of the KTi3 insert^ resulting in the 
plasmid pML55. The plasmid pML55 was partia.lly digested 
with Xmn I/Eco RI to release a 0.42 kb fragir.ert, 

' corresponding to bases 732 to 755 of the above cited 

/i s the. 

20 sequence, which was discarded. A synthetic ymn I/Bco RI 
linker containing an Nco I site, wa?? constructed b^^^ 
loaklng a dimer of complementary synthetic olino- 
nucleotides consisting of the coding sequence for. an 
I site (5'-TCTTCC-3M and an Nco I site (5*-crATGGG-3'') " 

25 followed directly by part of an Eco RI site 

(5'-GAAGG-3*) . The Xmn I and Nco I/Eco RI 5?ites were 
linked by a short intervening sequence ..^^ 
(5'-ATAGCCCCCCAA-3') . This synthetic linker ras ligated 
into the Xmn I/Eco RI sites of the 4.94 kb fragment to • 

30 create the plasmid pML64 . The 3' untranslntf:':?. region of* 
the KTi3 gene was amplified from the Jiecuencf: described 
in Jofuku et al (Ibid.) by standard PGR protocols ^ 
(Perkin Elmer Cetus, GeneAmp PGR kit) using the primers 
ML51 and ML52 , Primer ML51 contained the 20 n':cleotides 

35 corresponding to bases 1072 to 1091 of the above cited 
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sequence with the addition of nucleotides corresponding 
to Eco RV (5-'GATAtC-3') / Nco I (5 'rCCATCG-S ' ) , Xba.-l 
(5'-TCTAGA-3«) , Sma I (5 '-000666-3 ' ) and Kpn I 
(5'-6GTACC-3') sites at the 5' end of the primer. 
5 Primer ML52 contained to the exact compliment of the 
nucleotides corresponding to bases 1242 to li ; 9 of the 
above cited sequence with the addition of nucleotides 
corresponding to Sma I (5 '-CCCGGG-3 * ) / Eco Rl 
(5«-6AATTC-3') , Bam HI (5 * -GGATCC-3 • ) and Sal I 

10 {5'-GTCGAC-3') sites at the 5' end of the primer. The 
PCR-amplif ied 3' end of the KTi3 gene was ligated into 
the Nco I/Eco RI sites of pML64 to create the plasmid 
pML65. A synthetic multiple cloning site linker was 
constructed by making a dimer of complementaa:% synthetif<?7 

15 oligonucleotides consisting of the coding saquence for - 
Pst I (5'-CTGCA-3') , Sal I (5 ■-GTCGAC-3M / Bctm HI 
(5'-GGATCC-3') and Pst I (5 --CTGCA-B ' ) sites. The . • _ 
linker was ligated into the Pst I site (directly 5| to^ 
the KTi3 promoter region) of pML65 to create the plaismid 

20 pML70. 

The 1.46 kb Sma I/Kpn I fragment from pS?f2-169K 
(soybean delta- 12 desaturase cDNA described c^^c^^e) was 
ligated into the corresponding sites in pMJ'70 resulting 
in the plasmid pBSlO. The cesaturc-se cDNA fr?.gment was 

25 in the reverse (antisense) orientation v/ith respect to 
the KTi3 promoter in pBSlO. The plasmid pBSin tvas 
digested vrith Bam HI and a 3.47 kb fragment- 
representing the KTi3 promoter/antisense desaturase .v, 
cDNA/KTi3-3' end transcriptional unit v;as isolated ^by,- 

30 agarose gel electrophoresis. The vector pML] 9 consists 

of the non-tissue specific and constitutive cauliflower 

. r ci^^ • 

mosaic virus {35S) promoter ^Odell et al . , Katu-e (1985) 
313:810-812; Hull et al.. Virology (1987) 86 4R?~493) , 
driving expression of the neomycin phosphotraDsf erase 
35 gene described in (Beck et al . (1982) Gene 19:327-336) 
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followed by the 3' end of the nopaline synthase gene 
including nucleotides 848 to 1550 described oy (Depicker 
et al. (1982) J. Appl. Genet, 1:561-574). This 
transcriptional unit was inserted into the conunercial 
5 cloning vector pGEM9Z (Gibco-BRL) and. is flanked at the 
5' end of the 35S promoter by the restrictioii sites 
Sal I, Xba I, Bam HI and Sma I in that order. An 
additional Sal I site is present at the 3 ' end of the 
NOS 3' sequence and tc.e Xba I, Bam KI anci S?.I I sites 

10 are uhiqv.e. The 3.-^7 kb transcriptional unit released 
from pBSlO v/as lig.ated into the Bara HI site of. the 
vector pML18. When the resulting plasmid^ vera double 
digested with Sma . I and Kpn I, plasniids cont.?.\ning • 
Inserts in the desired orientation yielded 3 "ragmentsj^j.,; 

15 of 5.74, 2.69 and 1.4S kb. A plasmid with the 

transcriptional unit in the correct orientaticn was 
selected and was designated pBS13. 

The T)CW103 vector contains the bean Dha'seoMn 
promoter and 3' untranslated region and T^as ':?'^::rived from 

20 the commercially available pUC18 plasmid (Gibr:o-BRL)^ via 
plasmids AS3 and pCW104, Plasmid AS3 contains? 495 l>fsi • 
pairs of the bean (Phaseolus vulgaris) phasecMn (7S 
seed storage protein) promoter starting with 
5'-TGGTCTTTTGGT-3' followed by the entire 1175 base 

25 pairs of the 3' untranslated region of the same gene 
(see sequence descriptions in Doyle et al. r f^?86) 
J. Biol. Chem. 261:9228-9233 and Slightom et . , (1983)/ 
Proc. Natl. Acad. Sci, USA, 80:1897--190i; Further,- 
sequence description may be found in WO 911.3 903) cloned 

30 into the Hind III site of pUC18, The additional cloning 
sites of the pUC18 multiple cloning region (Eco RI, 
Sph I, Pst I and Sal I) were removed by dige .sting with 
Eco RI and Sal I, filling in the ends with Kl.r^now and 
religating to yield the plasmid pCW3 0^1. A ne\7 multiple 

35 cloning site was created between the 4 95bp of i:he ^!.^^^!|^^^ 
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phaseolin and the 1175bp of the 3' phaseolin by 
inserting a dimer of complementary synthetic oligo- 
nucleotides consisting of the coding sequence for a 
Nco I site (5'-CCATGG-3' ) followed by three filler bases 
5 (5'-TAG-3')r the coding sequence for a Sma I site 

(5'-CCCGGG-3' ) / the last three bases of a Kpn :: site 
(5'-TAC-3Mf a cytosine and the coding sequence for an 
Xba I site (5'-TCTAGA-3' ) to create the plasmid pCWlOB. 
This plasmid contains unique Nco 1, Sma Kpr I and 

10 Xba I sites directly behind the pha.seolin p'romoter. . The 
1.4 kb Eco RV/Sma I fragment from pSF.?-169K war. ligated 
into the Sma I site of the commercially avr?.ilcible 
phagemid pBC SK+ (Stratagene) . A phagemid wit-h the cDNA 
in the desired orientation v;as selected by dlgestingc^i;^^^^^. 

15 with Pfl Ml/Xho I to yield fragments of appro::. 1 kb and 
4 kb and designated pMl-SF2. The 1.4 kb Xmn .":/Xba I 
fragment from pMl-SF2 was inserted into the ^na I/Xba I 
sites of pCWlOe to vield the plasmid pBSllr wMch has ' 
the soybean delta-12 desaturase cDNxA in the re^^erse 

20 (3 '-5') orientation behind the phaseolin pronoter. .The 
plasmid pBSll was digested v/ith Bam HI and a 3 07 kb 
fragment, representing the phaseolin promoter/antisense- 
desaturase cDNA/phaseolin 3' end transcriptional unit_ 
was isolated by agarose gel electrophoresis arid ligated 

25 into the Hind III site of pML18 (described ah'^ve) . .When 
the resulting plasmids were digested with Xb? X, ^ ^3;'}^,^ 
plasmids containing inserts in the desired orientation^' 
yielded 2 fragments of 8.01 and 1 18 kb. A p^Hsmid with 
the transcriptional unit in the correct orientation was^' 

30 selected and was designated oBS14. 

The vector pCW109A contains the soybean 
b-conglycinin promoter sequence and the phaseolin 3' 
untranslated region and is a modified version of vector 

* \M 1 

PCW109 which was derived from the commercially available 
35 plasmid pUClB (Gibco-BRL) . .The vector pCW109 was made 

The 
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by inserting into the Hind III site of the cloning * 
vector pUC18 a 555 bp 5' non--coding region (containing 
the promoter region) of the b-conglycinin gen^ followed 
by the multiple cloning sequence containing the 
5 restriction endonuclease sites for Nco I, Sma I, Kpn I 
and Xba I, as described for pCWlOS above, thaa 1174 bp 
of the common bean phaseolin 3' untranslated region into 
the Hind III site (described above) . The b-conglycinin 
promoter region used is an allele of the published 

10 b-conglycinin gene (Doyle et ai., J. Biol. Chem. (1986) 
261:9228-9238) due to differences at 27 nucleotide 
positions. Further seque?ice description of f.iis gene 
may be found in Slightom (WO 9113993) . To facilitate : 
use in antisense constructions the Ncc I si^-.c and -r.^i-f^^*! 

15 potential translation start site in the plasmid pCW109 
was destroyed by digestion v;ith Nco I^ mung bean 
exonuclease digestion and re-ligation of tb:^ blunt site 
to give the modified plasmid pCW109A, The pl^'^^mid;^ ' ' 
PCW109A was digested with Hind III and the resulting 

20 1.84 kb fragment, which contained the b-conglycinin/ 
antisense delta-12 desaturase cDNA/nhaseolin 3' 
untranslated region, was gel isolated . The plasmid ... , • 
pML18 (described above) was digested :'?itb Xba I, filled 
in using Klenow and religated^ in order to remove tbe_ 

25 Xba I site. The resulting plasmid was designated pBS16. 
The 1.84 kb* fragment of plasmid pCW109A (described^ 
above) was ligated into the Hind IIT site of pBS16. A - 
plasmid containing the insert in the desired ::r lent at ion ' 
yielded a 3.53 kb and 4.41 kb fragment when digested:/ 

30 with Kpn I and this plasmid was designated pGST2. The • 
Xmn I /Xba I fragment of pMLl-SF2 (described p.bove) was 
ligated into the Sma I/JCbe. T sites of pCST2 to yield the 
vector pSTll. _ 
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Transformation Of Somatic Soybean EmbryQ Culture's :; 
and Regeneration Of Soyhegin Plants 
Soybean embryogenic suspension cultures ^ere 
maintained in 35 mL liquid media (SB55 or SEP 6) on a 
5 rotary shaker, 150 rpm, at 28^C with mixed florescent 
and incandescent lights on a 16:8 h day/night s::hedule. 
Cultures were subcultured every four weeks by 
inoculating approximately 35 mg of tissue into 35 mL of 
liquid medium. 

10 Soybean embryogenic suspension cultures were 

transformed with pCS3FdSTlR by the method of particle 
gun bombardment (see Kline et al, (1987) Nature (London) 
327:70). A DuPont Biolistic PDSIOOO/HE instr^jnent 
(helium retrofit) v;a3 used for these tran£;fo:c.vj'V:ions,.j'-^^svT. 

15 To 50 mL of a 60 mg/mL 1 mm gold ?arti::le 

suspension was added (in order); 5 uL DNAd ug/uL) , 
20 uL spermidine (0.1 M) , and 50 ul CaCl2 (2,5 M) . The- 
particle preparation was agitated for 3 rin, r>7sr.n in' a 
microfuge for 10 sec and the supernatant reno-red. The* 

20 DNA-coated particles were then washed once :.r ^00 uL 70% 
ethanol and re suspended in 40 uL of anhydrous Pthanol, . 
The DNA/particle suspension was sonicated thre^'* times 
for 1 sec each, Fi-^re uL of the DNA-coaten gold 
particles were then loaded on each macro carr\v=ir disk. . 

25 Approximately 300-400 mg of a four i-^eo»: ol:l 

suspension culture was placed in an empty 60x15 mm petri 
dish and the residual liquid removed from the -^issue 
with a pipette. For each transformation experiment^ 
approximately . 5-10 plates of tissue were normally 

30 bombarded. Membrane rupture pressure v/as set pt 

1000 psi and the chamber v;as evacuated to a vacuum of 
28 inches of mercury. The tissue was placed 
approximately 3.5 inches awav from the retp.r.ninq screen 
and bombarded three times. Follovjinc bombardi'ir-^nt , the 

. ■ 'di . 
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tissue was placed back into liquid and cultured as 
described above. v* 
Eleven days post bonibardment , the liquid media was 
exchanged with fresh SB55 containing 50 mg/itiL 
5 hygromycin. The selective media was refreshed weekly. 
Seven weeks post bombardment, green, transfoLned tissue 
was observed growing from untransformed, necrotic 
embryogenic clusters. Isolated green tissue was removed 
and inoculated into individual flasks to generate new, 
' 10 clonally propagated, transformed embryogenic suspension 
cultures. Thus each new line was t::eated ac; independent 
transformation event. These suspensions can then be 
maintained as suspensions of embryos clustered in an . 
immature developmental stage through subculture or 

15 regenerated into x^hole plants by maturation and 
germination of individual somatic embryos. 

Transformed embryogenic clusters were rp^-Tioved from 
liquid culture and placed on a solid agar media (SB103) . 
containing no hormones or antibiotics. Embryos were_^.;^ 

20 cultured for eight weeks at 26°C with mixed florescent 
and incandescent lights on a 16:8 h day/night schedule. 
During this period, individual embryos vrere removed from 
the clusters and analyzed at various stages of embryo 
development After eicrht weeks somatic embryos become 

25 suitable for germination. For germination,, eight week- 
old embryos were removed from the maturation ruedium and 
dried in empty petri dishes for 1 to 5 days. The dried^ 
embryos were then planted in SB71-1 medium were they 
were allowed to germinate under the same li?htj.ng and- 

30 germination conditions described above. Germinated 
embryos were transferred to sterile soil ?.nd grown to 
maturity for seed collection. 
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Media : 

SB55 and SBP6 Stock 

Solutions 

(g/L) : 

MS Sulfate lOOX Stock 
MgS04 7H20 37.0 
MnS04 H20 1.69 
ZnS04 7H2p 0.86 
CUSO4 5H20 0.0025 

MS Halides lOOX Stock 



CaCl2 2H2O 
KI 

C0CI2 6H2O 

KH2PO4 

H3BO3 

Na2Mo04 2H2O 



44.0 

0.083 

0.00125 
17.0 

0.62 

0.C25 



MS FeEDTA lOOX Stock 



Na2EDTA 
FeS04 7H2O 



3, 
2. 



724 
784 
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TABLE 10 

B5 Vitamin Stock 

10 g m-inositol 
100 mg nicotinic acid 
100 mg pyridoxins HCl 
1 g thiamine 
SB55 (per Liter) 

10 mL each MS stocks 

1 mL B5 Vitamin stock 

0.8 g NH<N03 

3.033 g KNO3 

1 mL 2., 4-1) MOmg/mL stock) 
60 g sucrose 

0.657 g asparagine 
pH 5.7 

For SBP6~ substit\ite 0.5 mt- 
2,4-D 

SB103 (per Liter) 
MS Salts 

6% maltose 
750 mg MgCi2 

0.2% Gelrite 
pH 5.7 

SB71-1 (per liter) ■ 
B5 salts 

Itr}. B5 vitamin stock 
3% Fucro.5e 
750mg McrC:.2 
0.2% ge-lrite • 
pH 5.7 



'MM 
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Analysis Of Transgenic Glycine Max Embryos and 
Seeds Containing An Antisense Delta-^S D^pahurase.! -i 
Demonstration That The Phenotvpe Of Tra n sgenic Soybean 
Somatic Embrvos Is Predictive Of Thft Phen otype Of Seeds 
5 Derived From Plants Regenerated From Those Embryos 

While in the globular embryo state in liquid 
culture as described above, somatic soybean embryos 
contain very low amounts of triacylglycerol or storage 
proteins typical of maturing, zygotic soybean embryos. 

10 At this developmental stage, the xetic of tot si 

triacylglyceride to total polar lipid (phospholipids and 
glycolipid) is about 1:4., as is typical of zygotic 
soybean embryos at the developmental stage from which 
the somatic embryo culture was initiated. At the 

15 globular stage as well, the mRNAs for the prominent seed 
proteins (alpha* subunit of beta-conglycinin, Kunitai. ■ 
Trypsin Inhibitor 3 and Soybean Seed Lectin^ a^-e 
essentially absent. Upon transfer to ho^rmone free media^ 
to allow differentiation to the maturing so:^atic embryo 

20 state as described above, triacylglyce::ol be^comes the.,^,^ 
most abundant lipid class. As well, inRNAs for alpha'- 
subunit of beta-conglycinin, Kunitz Trypsin Inhibitor 3 , 
and Soybean Seed Lectin become very abundant nessages in 
the total inRNA population. In these respects the 

25 somatic soybean embryo system behaves very similarly^to " 
maturing zygotic soybean embryos Ajd. vivO f and is 
therefore a good and rapid model system for analyzing ^ 
the phenotypic effects of modifying the ex-ores.';ion of 
genes in the fatty acid biosynthesis pathway. 

30 Furthermore, the model system is predictive of the fatty 
acid composition of seeds frcm plant.? derived from^ <cof-' 
transgenic embryos. Liquid culture globMTa;- e^iDryos 
transformed with a vector containing a soybaan 
microsomal delta-:! 5 desaturase, in a reverse orientation- 

35 and under the control of soybean cc.'^glycinin prompter 
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(pCS3FdST IR) , gave rise to mature embryos with a * 
reduced 18:3 content (WO 9311245). A number of embryos 
from line A2872 (control tissue transformed with pCST) 
and from lines 299/1/3, 299/15/1, 303/7/1, 306/3/1, 
5 306/4/3, 306/4/5 (line 2872 transformed with pLasmid 

pCS3FdSTlR) were analyzed for fatty acid content. Fatty 
acid analysis was performed as described in WO 9311245 
using single embryos as the tissue source. Mature, 
somatic embryos from each of these lines vxere also 

10 regenerated into soybean plants by transfer to 

regeneration medium as described abot^e. A nunher of 
seeds taken from plants regenerated from these embryo 
lines were analyzed for fatty acid content . The 
relative fatty-acid composition of embryos ta;.. ??i frjiroa'j^S 

15 tissue transformed with pCS3FdSTlR was compared with • • 
relative fatty-acid composition of seeds taksn from' 
plants derived frora embryos transformed with pnr»3FdSTlR. 
Also, relative fatty acid compositions of em-brvos and 
* seeds transformed with pCS3FdSTiR were compared with 

20 control tissue, • transformed with pCST/ In a?.l cases 
where a reduced 18:3 content was seen i.r> a trriP^^genic 
embryo line, compared with the control., a reducRd 18:3 
content was also observed in segregating seeds of. pl^iits 
derived from that line, when compared with the control.- 

25 seed (Table 11) . 

x 

Ant: sense Delta -15 Desaturase: 
Relative 18:3 Content Of Embryos And Seeds Of Con\:rol 
(A2n7) And TTirirsiinnic f2g>l^-. rOfi-^i Savh*^ il^L.Lnfia 



Soybean 
Line 



Embrvo 



Embryo 



A2872 
(control) 

299/1/3 

299/15/1 



av.%18:3 
12.1 (2.6) 

5.6 (1.2) 
8.9 (2.2) 



loi-^est %18:3 
8.5 

4.5 ' 
5.2 



__^eed 

av-%18:3^ 
8.9 (0.8) 

4.3 (1.6) 
2.5 (1.3) 



_ Seed ; 
lowest %18.: 3^ 
8.0 

2.5 

1^:4 



no; 
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303/1/1 7.3 (1.1) 5.9 4.9 (1.9) 2.8 , 

306/3/1 7.0 (1.9) 5.3 2.4 (1.7) 1.3 

306/4/3 8.5 (1.9) 6.4 4.5 (2.2) 2.7 

306/4/5 7.6 (1.6) 5.6 4.6 (1.6) 2.7 

*5eeds which were segregating with wild-type phenocype and 
without a copy of the transgene are not included in nhese 
averages. The niunber in brackets is S.D., n»10. 

■ Thus the Applicants conclude that an altered 
polyunsaturated fatty acid phenotype observed in a 
transgenic, mature somatic embryo line is predictive of 
5 an altered fatty acid composition of seeds of plants 
derived from that line. 
Analyf^iff Of Tranpg'=?ni.c Glycine Max, EmV;ryo;3 ^rrwrit.fiiininff 

An Antisense Mir.rosomal Delta-12 • Desaturase Ccrnsi^itri'G^i&^y 
The vectors pBSlS, pBS14 and pSTll contain theJ/V^ ' p:^ 

10 soybean microsomal delta-12 desaturase cDNi^<, in the 

antisense orientation, under the control of th« soybean 
Kunitz Trypsin Inhibitor 3 (KTi3), £i?j3^f>JLuii rhaseolin, 
and soybean beta-conglycinin promoters as described - 
above. Liquid culture globular embryos tran'sformed- with 

15 vectors pBSlS, pBS14 and pSTll, gave rise to r.rature 

embryo lines as described above. Fatty acid ao:iiysis . • 
was performed as described in WO 9311245 usirg singlfe; 
mature embryos as "the tissue source. A number of 
embryos from line A2872 (control tissue transformed with 

20 pCST) and from line A2872 transformed with vec':ors 
pBSlSf pBS14 and pSTll were analyzed for fatty acid 
content. About 30% of the transformed lines showed an 
increased 18:1 content when compared with control line,s 
transformed with pCST described abova. denonstr-'.ting' . • 

25 that the delta-12 desGturase had been iiihibitrd in these 
lines. The remaining transformed lines shoved relative * 
fatty acid composi-^ions similar to those tho control 
line. The relative ?.8:1 content of the lines .r.howing an 
increased 18:1 content was as high as 50% compared with 
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a maximum of 12.5% in the control embryo lines. The 
average 18:1 content of embryo lines which showed an 
increased 18:1 content was about 35% (Table 11). In all 
the lines showing an increased 18:1 content there was a 
5 proportional decrease in the relative 18:2 content 

(Table 12). The. relative proportions of the at.ier major 
fatty acids (16:0, 18:0 and 18:3) were similar to those 
. of the control. 



10 



Summary Of Experiment In Which Soybean Vjnbryos VJere 
Transformed With Plasmids Containing A Soybean Antisense 

Microsomal Delt.a--12 DPflat:ura«;f^ .-nr?^ 

y of lines 



v;ith high highest av. W*^^^^-! 

18:1 ISjJl. laii- " ■;. 

PCST 12,5 10 is 

(control) 

PBS13 11 4 53.5 35,9 

PBS14 11 2 . 48.7 32.6 

pSTll II 3 50.1 35,9 



In Table 12 the average 18:1 of transgsn^.cs is the 
average of all embryos transformed with a particalar^ri^^' 
vector whose relative 18:1 content is greater than 'tvo^'*^ . 
standard deviations from the highest control value 
15 (12.5), The control average is the average of ten A2872 
embryos (standard deviation = 1.2). The data in 
Table 12 are derived from Table 13 below. 
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TABLE 13 

Relative Fatty Acid Contents Of Embryo Lines 
Transformed With Plasirdds Containing A 
Soybean Antisense Delta-12 Desaturase cDNA 



Embryo 
Line 

A2872 (control) 



Relative % Fatty-Acid Content 



Tf 


X u 


• \j 


1 R 

X o 


• 0 


1 ft 

X o 


. n 

• X 


xo • 


9 


1 P 

X o 


• ^ 
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1 1 


n 
• / 


o 


o 
■ ^ 


1 1 

X X 


7 


OA • 


/ 




• X 






A 
• H 


*1 


n 

r. 1./ 


xu 


p 




1 
X 


1 Q 


• o 




X / 


1 

« X 


o 
J 


A 
■ fl 


Q 


• O 






on 


• o 


A 
H 


xo 




o 


7 
■ / 


Q 


A 
• ^ 




1 


1 Q 
17 






15 

X<J 


2 
• ^ 




g 

» V 


10 
X W 


P 


^x • 


n 

u 


1 7 
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18 
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Q 


X \J 


• 9 
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xo 
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7 
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o 
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Q 


ID 
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Q 
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c 
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' i :^ • 




X D 
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X J7 
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•J 


D 


Q 
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X ^ 
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# 


16 


: 0 


18 


: C 


18 


: 1 






1 P 
X o 


• o 


1 


12 


.2 


3 




42 


.0 


23 . 


0 


17 


4 


2 


12 


.4 


2 




22 




39 . 




21 


9 * ■ 


3 


12 


0 


3 


2 


42 


n 


23 . 




xo 




G335/4/221 
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s I " ■' ■ ' . > 

. . • 1 
1 : - 


# 


16 


:0 


18: 


0 


18 


:1 


18: 


9 


la 


:3' 


1 


12 


.2 


2. 


7 


30 


.<! 


36. 


0 


17 


•? 


2 


11 


.5 


2. 


4 


14 


.3 


53. 




17 


.6 


3 


13 


.C 


2 . 


c 


15 


.2 


47. 




19 


J 

.9 


4 


12 


.C 




6 


27 


.4 


37. 


o 


19 


.1 


5 
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2. 


7 


25 
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3 


15 
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6 


11 
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4 


21 


.5 
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3 
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12 


.0 


2, 


5 


11 


.3 


53. 


6 
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8 


12 


.0 


2. 


5 


20 


.8 
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1 
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9 


11 


.7 
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6 


25 


.3 
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.3 
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34 
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.3 
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.3 
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.6 
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3 


13 . 9 


2.9 


49.1 


16.8 


13.6 


4 


12.3 


2.8 


47.5 


19.3 


14.8 


G335/2/7/1 


(pSTll) 










# 


16:0 


18: 0 


18:1 


18:2 


18 :3 


1 


15. 5 


4 . 3 


21.8 


38 . 0 


17 .5 


2 


17 . 8 


4 . 1 


22 .0 


39.5 


14 .0 


*> 


ID . £. 


o . U 




'ie. . £. 


16.3 


G335/2/118 


(pSTll) 










« 


16:0 


18:0 


18:1 


18:2 


18:3 


1 


14.1 


2.7 


44.7 


22.6 


14.0 


2 


15.8 


2.8 


37.7 


26.9 


14.8 


3 


17.3 


3.4 


23.3 


37.9 


16.0 



N.B. All other transformed embryos (24 li.nes) haci^,||ia|i^*^^ 
acid profiles similar to those of the control. 

One of these embryo lines, 0335/1/25, had an 
5 average 18:2 content of less than 20% and an average.. 
18:1 content greater than 45% (and as high as 53.5%) . 
The Applicants expect, based on the data in table ?, 
that seeds derived from plants regenerated from sujch., 
lines will have an equivalent or greater increase .in^:;'' 

• •'•5'^:. 

10 18:1 content and an equivalent or greater increase >, ... ' 
decrease in 18:2 content. . .. ^ 

EXAMPLE 

EXPRESSION OF MTCROSOMAL DELTA-12 DESATtTRASE TN CANQLA 
Construction Of Vectors For Transformation of ,^ 
15 Brassica Napus For Reduced Expression of 

Microsomal Delta-12 Desaturases 

•CO 

in Develooina Canola Seeds 
An extended poly A tail was removed from the .canoiLa'. 
delta-12 desaturase sequence contained in plasmid 
20 pCF2-165D and additional restriction sites for cloning 
were introduced as follows. A PGR prim€tr was 
synthesized correc?ponding to bases 354 through 371 of 
SEQ ID N0:3. The second PGR primer was synthesized as 
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the complement to bases 1253 through 1231 with 15 
additional bases (GCAGATATCGCGGCC) added to the 5' end. 
The additonal bases encode both an EcoRV site and a NotI 
site. pCF2-165D was used as the template for PGR 
5 anplif ication using these primers. The 914 base pair 
product of PGR amplification was digested with £coRV and 
PflMI to give an 812 base pair product corresponding to 
bases 450. through 1253 of pCF2-165D with the added NotI 
site. 

10 pCF2-165D was digested with Pstl^ the PstI overhang 

was blunted with Klenow fragment and then digested with 
PflMI. The 3.5 kB fragment corresponding to p31uescrip>t 
along with the 5' 450 bases of the canola Fad2 cDNA 'was] : 
gel purified and ligated to the above describ<=d BlZypj^^^^;^ 

15 pair fragment. The ligation product was amplified by. - 
transformation of E. coli and plasmid DNA isolation. 
The EcoRI site remaining at the cloning junction between 
pBluescript and the canola Fad2 cDKA was dej^troyed by 
digestion, blunting and religation. The recovered^ 

20 plasmid was called pM2CFd2 . 

pM2CFd2 was digested with EcoRV and Smal to remove 
the Fad2 insert as a blunt ended fragment. The fragment;; 
was gel purified and cloned into the Smal site of pBC : 
(Stratagene, La Jolla, CA) A plasmid vith the NotI 

25 site introduced by PGR oriented away from the existing 
NotI site in pBC vras identified bv NotI digestion and 
gel fractionation of the digests. Ths resnlting 

construct then had NotI sites at both ends of the canola 

.1 c r i.][»)imr. , 

Fad2 cDNA fragment and was called pM3CFd2 . / v 

30 Vectors for transformation of the antisense ^" 

cytoplasmic delta-'12 desaturase constructions under. / 
control of the fi-conglycinin, Kunits trypsin inhibitor 
Ill^napin and phas^olin promoters into plants using 
Aarobacterium tume f acie n? were produced by constructing 
35 a binary Ti plasmid vector system (Bevan.. (193^) Nucl. 
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Acids Res. 12:8711-0720). One starting vectc:: for the 
system, (pZS199) in' based on a vector which contains: 
(1) the chimeric gene nopaline synthase/neomycin 
phosphotransferase as a selectable marker for 
5 transformed plant cells (Erevan et al. (1984) Nature 
304: 184-186), (2) the left and right borders of the 
T-DNA of the Ti plasmid (Erevan et al. (1984) Nucl, 
Acids Res. 12:8711-8720), (3) the £. lacZ 
a-complementing segraent (Vieria and Messing '1982) Gene 

10 19:259-267) with unique restriction endoni2Clcc3C sites 
for Eco RI, Kpn I, Bam HI, and Sal T, (4) the bacterial 
replication origin from the Pseudomona r. plasmid pVSl 
(Itoh et al. (1984) Plasmid 11:206-220), and (5) the \ ; 
bacterial neomycin phosphotransferase gene; frcm -ji^^s.jjie^' 

15 (Berg et al. (1975? Proc. Natnl. Acad. Sci . U.S.A. 

72:3628--3632) as a selectable marker for trrri.^i formed 
A. tumef aniens . Th<^ nopal:\ne syntha-^^e promoter in the 
plant selectable ma^rker was replaced by the ?5F promoter 
(Odell et al. (1985) Nature, 313:810-813) by a r.tandard 

20 restriction endonuc.lease digestion and ligr.tio.r. . ' 

strategy. The 35S promoter is required for efficient ' : 
Brassica naEUS. transformation as described below. A 
second vector (pZS212) was constructed by reversing the 
order of restriction sites in the unique site cloning 

25 region of pZS199 

Canola napin nromoter expression cassett:«f; were 

consturcted as follows: Ten oligonucleotide nr-'.merSv ^. • 

*r.iai: ' 

were synthesized based upon the nucleotide sequence. of ; 
napin lambda clone CGNl-2 published in European Patent 
30 Application EP 255378) , The oligonucleotide s^-juences 
were : 

• BR42 and BR43 corresponding to bases 1132 to 1156 

(BR42) and the complement of bases 224 8 to ?271 (BR43) 
of the sequence listed in Figure 2 of E? 25^'^.78. 
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• BR45 and BR4 6 corresponding to bases 1150 to 1170 
(BR46) and the complement of bases 2120 to 2\55 (BR45) 
of the sequence listed in Figure 2 of EP 255378. In 
addition BR4 6 had bases corresponding to a Sal I site 
(5 '-GTCGAC-3 ' ) and a few additional bases 

. (5'-TCAGGCCT-3M at its 5' end and BR45 hac bases 
corresponding to a Bgl II sitp (5 '~AGATCT-3 • ) and two 
(5'-CT-3') additional bases at the 5* end of the 
primer^ 

• BR47 and BR48 corresponding to bases 2705 to 2723 
(BR47) and bases 2643 to 2666 (BR48) of the sequence * 
listed in Figure 2 of EP 255379. In addition BR47 had 
two {5'-CT-3') additional, bases at the 5' end of ithe ' 
primer followed by bases corresponding to 5 2rl I{Iyr/y^^«/^- 
site (5'-AGATCT-3') followed by a few additional bases 
(5'-TCAGGCCT-3') , 

• BR49 and BR50 corresponding to the complement of bases . 

3877 to 3897 (BR4 9) and the complement of b:'.sos 3985. 
to 3919 (BR50) of the sequence lic^ted :Ln rigure 2 pf 
EP 255378. In addition BK-39 had bases corrosoondihc 
to a Sal I site ( 5 '-GTCGAC-S ' ) and a few additional 
bases (5 '-TCAGGCCT-3' ) at its 5' end, 

• BR57 and BR58 corresponding to the complement of bases 

3875 to 3888 (BR57) and bases 2700 to 2714 (BR58) of 

the sequence listed in Figure 2 of EP 255373. In 

addition the 5' end of BR57 had isnme extr.-a ha^i^^js 

(5 '-CCATGG-S ' ) follov^ed by bases rorre.'^oor^diAq to a 

Sac I site ( 5 ' -GAGCTC-3 • ) followed by more, additional 

bases (5 '-GTCGACGAGG-3' ) . The 5' end of RR5B had v.. • 

t ' : 

additional bases (5 ' -GAGCTC--3 ' } foj.lov^ed by. bases 

^ I .. * 

corresponding to a Nco I site (5 '--CCATGG-3 • ) followe'd ' 

* » ' 

by additional bases ( 5 ' -AGATCTGGTACC-3 • ) . 

• BR61 and BR62 corresponding to bases 1846 to 1865 

(BR61) and bases 2094 to 2114 (BR6?) of ^.he sequence 
listed in Figure 2 of EP 255378, In addition the 5' 
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end of BR 62 had additional bases (5'-GACA-3M 
followed by bases" corresponding to a Bg.l II s-;ite 
(5»-AGATCT-3 ') followed by a few additional bases, 
(5'-GCGGCCGC-3*) . 
5 Genomic DNA from the canola variety •Hyola401' 

(Zeneca Seeds) was used as a template for PGR 
amplification of the napin promoter and napin terminator 
regions. The promoter was first amplified using primers 
BR42 and BR43, and reamplified using primers BR45 and 

10 BR46. Plasmid pIMCOl v;as derived by digestion of the 

1.0 kb promoter PGR product with Sall/Bglll and ligation* 
• into Sall/BamHI digested pBluescript SK"*" (Stratagene) . < 
The napin terminator region vyas ampli.fied using primers 
BR48 and BR50^ and reamplified using primers 15^47 ahd.'^W^-t 

15 BR49. Plasmid pIMC06 was derived by digestion cf the 
1.2 kb terminator PGR product with Sall/EglTI and 
ligation into Sall/Bglll digested pSP72 (Promeca) . 
Using pIMC06 as a template^ the terminate^ region^.was 
reamplified by PGR using primer BR57 ard prime:: BRSB. 

20 Plasmid pIMClOl containing both the napin promoter and : • - 
terminator was generated by digestion of the PGR product ' 
with Sacl/Ncol.and ligation into SacI/NccT dir-^nted 
pIMCOl. Plasmid pIMClOl contains a 2.2 kb napin 
expression cassette including complete napin 5' and 3' 

25 non-translated sequences and an introduced NcoT site at 
the translation start ATG. Primer BR61 and nrimer BR62 
were used to PGR am.plify en -270 bp fragment :^*rom .the .3 ' 
end of the napin promoter, Plasmid pIMG401 obtained , 
by digestion of the resultant PGR prodiict with • 

30 EcoRI/Bglll and ligation into EcoRI/Bg.l.IT dicfected^^ 
pIMClOl. Plasmid pIMC401 contains a 2.2 kh napin 
expression cassette lacking the napin 5' nor.~t?.-anslated 
sequence and includes a Not I site at the tranf;<;ription 
start • 



wo 94/1 1516 



PCr/US93/d9Si87 



103 

To construct the antisense expression vector, 
pM3CFd2 was digested with NotI as was pIMC401. The 
delta-12 desaturase containing insert from the digest of 
pM3CFd2 was gel isolated and ligated into the NotI 
5 digested and phosphatase treated pIMC401- An isolate in 
which the delta-12 desaturase was oriented antxsense to 
the napin promoter was selected by digestion with Xhol 
and PflMI to give plasmid pNCFd2R. pNCFd2R was digested 
with Sail, phosphatase treated and ligated into pZS212 

10 which had been opened by the same treatment . A plasmid 
with desired orientation of the introduced 
napin :delta-l2 desaturase antisense transcription unit 
relative to the selectable marker was rhosen b.v 
digestion v/ith Pvul and the resulting binary /hctor wasj:- 

15 given the name p2NCFd2R, 

Plasmid pML70 (described in Example G above;) was 
digested with Ncol.. blunted then digested with KpnI. . 
Plasmid pM2CFd was digested with Kpnl and Smal and^the 
isolated fragment liaeited into the ooened pML70 to giveU 

20 the antisense expression cassette pK:<CFd2.R. Th^. [ 
promoter :delta-12 desaturase: terminator seQ"aen.r::e was 
removed from pMKCFdZR by BamHI digestion and -'.gated . 
into pZS199 which had been BamHI digested and 
phosphatase treated The desired orientation relatlye.. 

25 to the selectable marker vras determined by digest JLpn 
with Xhol and PflMI to give the expression v^.ctor, . 
pZKCFd2R. 

The expression vector containing the B^conglicinin '■. 
promoter was constiTicted by Smal and EcdP.v digestion of 

30 pM2CFd2 and ligation into .^nal cut oMJ^lOSA, Tin isolate 
with the antisense orientation was identi.fied by 
digestion xvith Xhol and Pflnl, and the transcription^ 
unit was isolated by Sail and F.coRI digestion. The 
isolated Sall-EcoRI fracuaent v/as ligated into ^coBI-Sall 

35 digested pZS199 to give pCCFd2R. q ^SV^: 
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The expression vector containing cha p*:.3i^olin 
promoter was obtained using the same* proceedir^ with 
pCWlOS as the starting, promoter containing vector' and'' ' " 
p2S212 as the binary portion of the vector to rive 
5 pZPhCFd2R . 

Ty^n^£Q7rmat;iQn .0£ Brassier .Jl^im'S. 
The binary vectors pZ\^CFd2R, pZCCFd2R, oZPhCFd2R, 
and pZNCFd2R were transferred by a f ree.'::r/th?:T^ method 
10 (Holsters et al. {1978) Mol Gen Gennt 153:151 -:»87) to 

the Agrobacterium strain LBA4404/p»I.440<i (Hockema et al.' 
(1983) r Nature 303:179-^180). 

Brassica napus cultivar "Westar" was transformed by 
co-cultivation of seedling pieces with disarmed - - - i^V^rr^ 
15 Agrobacterium tijmcif a<2i.ans strain LBA4404 carrying the 
the appropriate binary vecto::. 

B.. na pus seeds were st'^rilized by s'-.irr\'^g in 10.% 
Chlorox.. 0.1% SDS for thirty ninr e.^d then r>.:<2d^, 
thoroughl\^ with sterile di'it/illed water. Th^?. ^^^eds 'were ' 

20 germinated on sterile medium containing 30 mM Caci2 and 

%' • ■ . 

1.5% agar, and grown for six days in the dark nt 24*^C. 

Liquid cultures of A grob acteyinm for plant 
transformation were grown overnight at 28®C in Minimal A 
medium containing 100 mg/L kanamycin. The bacterial. 
25 cells were pelleted by centrifugation and r^i suspended at 
a concentration of 10^ cells/mL in llquAr^ Mi^.rar,hige,and 
Skpog Minimal Organic medium containing 100 ]nA acet^p-p^^ 
syringone. 

B. na pus seedling hypocotyls were cut into 5^mm;,^v:" 
30 segments which were immediately placed into the 

bacterial suspension. After 30 min,, the h^/pocotyl 
pieces were removed from th^n bacterial susper.ston and 
placed onto BC-35 callus modium containirg \no jiM 
acetosyringone . The plant tissue and Aaroh>a^:~'i ria were 
35 co-cultivated for three dav3 at 24*^0 :.r di::. — ^'^•'^t^^ 
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The co-cultiva~ ioiri was rermina";:ed ti&iijferri.ng 

' ^ t 

the hypocotyl pieces to BC-35 callus medium cci^taining 
200 mg/L carbenicillin to kill the Agrobacteria r and 
25 mg/L kanamycin to select for transformed plant cell 
5 growth. The seedling pieces were incubated on this 
medium for three weeks at 28^C under continuous light • 

After four weeks, the segments were transferred to 
'BS-48 regeneration nedium containing 200 mc/I 
carbenicillin and 25 mg/L hanenycir P.lc.nt t::.i sue was 

10 subcultured every tvo week?i onto fresh seslective 

regeneration mediiimr under the same culture corditions 
described for the callus medium, Pvtatively transformed 
calli grew rapidly on regeneration medium; as call! 
reached a diameter of about 2 mm, they were removed, .from- 

15 the hypocotyl pieces and placed on the same medium 
lacking kanamycin. 

Shoots began t:*> appea-^: vrithin sevo.:-l v.nrv's after 
transfer to BS-4e rrcereri3t*ion medi^-ri. A» soc: as the 
shoots formed discernable stems r they vzerc exrr.*' segl^^from 

20 the calli, transferred to MSV-IA elongation, m^r'.lumj: ^and 
moved to a 16:8 h photoperiod at 24'*C. 

Once shoots had elongated several internndes/ they . 
were cut above the agar surface and the cut enris were ^ 
dipped in Rootone. Treated shoots were planted directly 

25 into wet Metro-Mix 350 so?. less pott.^xig r^^dium The pots 
were covered with p"'?.stic hags vihich v/err> r-^jrr^^ed : when 
the plants were clearly growing = — ^'.fter abo^-t ten ^ days, • 
Plants were, groi'/n under a 16:8 h nhotnper-.od, .with / 
a daytime temperature of 23**C and a nightime temperature 

30 of 17**C. When the primary flowering stem began to 

elongater it was covered v;ith a mesh pollen-containment 
bag to prevent outcrossing. Self-pollination ^/^as 
facilitated by shakr'.ng the plants several tirr.es each 
day. Fiftv-one olants hav? thus far been obtained from" 

35 transformations using both r>ZCCFd2R and iDr,PhCTd2R* 40* , 
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plants have been obtained from pZKCFd2R and 26 frorn^:^. , . . 
pZNCFd2R . , f*^;^*^ ' 

Minimal A Bacterial Grovth Medium 
Dissolve in distilled water: 
5 10.5 grams potassium phosphate, dibasic 

4.5 grams potassium phosphate, monobas.ic 
1.0 gram ammonium sulfate 
0.5 gram, sodium citrate, dihydrate 
Make up to 97 9 mL with distilled water 
10 Autoclave 

Add 20 mL f ilter"Sterili::ed 10% sucrose 
Add 1 mL f ilter-sterilir-ed 1 M MgS04 
Brassica Cal l us MeQ luiTL_aC:^33. 

Per liter: ..vL/lV-k'; • 

15 Murashige and Skoog Minimal Organic Medium (MS ;* 

salts, 100 mg/L i-inositol, 0.4 mg/L thiamine; 

GIECO #510-3118) ^'i ' 

30 grams sucrose * V- ' "Hii v Iti ! 

18 grams mannitol * -r ■ 

20 0.5 rag/L 2,4~D 

0.3 mg/L kinetin 

0.6% agarose 

pH 5.8 . > . ^ 

B^asfiica R<>qeneration Medium BS-48 

25 Murashige and Skoog Minimal Organic Medium . 

Gamborg B5 Vitanins (SIGMA #1019) : ' ■ 

10 grams glucose . V JV-, 

250 mg xylose ' • ' 

600 mg MES 

30 0.4% agarose 

pH 5.7 *"^'*'^' ^' 

Filter-3terili7.a amd add after* autoclaving: 

2 ..0 mg/L zeatin . 

0.1 mg/L lAA ' ^ ■ 
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Brassica Shoot Elongation Medium MSV-IA 

Murashige and Skoog Minimal Organic Mecllum 
Gamborg )35 Vitamins 
10 . grams sucrose 
5 0.6% agarose 

pH 5.8 

Analysis Of Transgenic Brassica Napus See^ds Containing 
An Antisense Microsomal Delta-12 Desaturase Construct 
Fifty~one plants were obtained from transformation 
10 with both pZPhCFd2R and pr;CCFd2R, 40 were obtained from 
pZKCFd2R, and 2 6 from pZNCFd2R. The relative levels of 
oleate (18:1), linoleate (18:2) and linolinate (18:3) 
change during development so that reliable determination 
of .seed fatty acid, phenotype is best obtained from..se$;dvi7 
15 which has undergone nomal maturaticn and c'.: ydr»wn. 

Relatively fexv transformed plants have gopj^ through t.o ' . 
maturity, hoirever 3<T.nds were sampled from plcnts which ' ' I 
had been transferred to r^ots for at Isast 80 days.^and 
which had pods that had yellowed and contained seeds 
20 with seed coats which had black picrmfiiitation . Plants 
were chosen for early anlaysis based on prom^^tor type, 
presence and copy number of the inserted del.ta-12 
desaturase antisense gene and fertili+-y of tbr plant. 
Fatty acid analysis v;as done on either indiyidjaal 
25 seeds from transformed and control plants., or on 4p^mg 
of bulk seed from individual plants as '^-S'-.ribed^in^^^^ 
Exait?)le 6, Southern analysis for detection of the., 
presence of canola delta-12 desaturc?.se ahtlsense geiifss 
was done on DNA obtained from leaves of transformed 
30 plants. DNA v/as digested either to r2leas<^ t^e _ ^ 
promotor: delta- 12 desaturase fragment fron th-^ 
transformation vector or to cut outsi^.c: the coding ^ 
region of the delta-12 desaturase antissnse ':Tene, -but^ :[ 



35 



within the left and right T--DNA bord<3rs of t:ie vector. 
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Relative Fatty Acid Profiles of Microsomal Delta-12 

Antiaenae TganatQcme'^. and Cgntrol Brasflica Napv^ Seeds 

% of TOTAL FATTY ACIDS 



PLANT # 


PROMOTER 






16;0 




; 3 : 1 




1 fl 


Westar 


control 


none 


82 


4.6 


1.2 




20.9 


6.6 


151-22 


phaseolin 


>8 


8:2 


4.4 


1.0 


76.6 


10.0 


6.2 


158-8 


napin 


1 


33 


3.5 


1,5 


£1.3 


6.3 


4.6 


westar 


control 


none 


106 


4.1 


1.7 


64 . 4 


19.9 


7.1 


151-22 


phaseolin 


>8 


106 


4.2 


1.9 


74,4 


9.9. 


6.3 


151-127 


phaseolin 


0 


106 


4.1 


2.3 


38 . 4 


16.9 


5.2 


151-268 


phaseolin 


1 


106 


4.2 


2,7 


73.3 


12.0 


4.2 


153-83 


conglycinin 




?.06 


4.1 


1.6 


o 3 . 3 


16.7 


6.3 



*Seed sampelinej date in days after the plant was t raaf erred to 

soil 'i'^^'-Z-^K^^'':" 





10 



15 



20 



The expected fatty acid phenotype for antisense; > , 
suppression of the delta-12 desaturase is decreasBci ; ; ) n^: 
relative content of 18:2 with a corresponding in6]eei§g(^'i'^^' 
in 18:1. Plant numbers 151-22 and 158-8 both sh6w a 
substantial decrease in 18:2 content of bulk seed wti^n 
compared to the westar control at 83 days after 
planting. Plant 151-22 also shows this difference at:'-' -^^ *>' 
maturity in comparison to either the westar control or 
plant 151-127, which was transformed wir.h the 5jelectable / 
marker gene but not the de.lt?.-12 desaturas^i entisensWV* v. ..^^^ 
gene. 

Since the fatty acid analysis was done on seeds 
from the primary transformantr individual seed should be 
segregating for the presence of the trar.sgena copy or ^" 
copies. The segregatiMg phenotypes serve as an iiiternal* 
control for the effect of tha delta-12 dessturase 
antisense gene. The relative fatty acid phanotypes. for . 
10 individual westar seeds, 10 individual 151-22^^^^^^".^.^^. 
and 12 individual 158-8 seeds are given in 'Habl^^lS^^^ ' ' ^y^^ 
below. 



mm 
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TABLE 15 

Relative Fatty Acid Profiles for Individual Seeds 
of Control and Genetically Segregating Delta-12 
nf>fial-»rafie Transformed Brassica Nspus geeda 



16!0 






ia-.2 


ia;3 


4.65 


1.05 


63.45 


21.31 


7.29 


4.65 


1.37 


65.41 • 


20.72 


6.18 


3.86 


1.31 


62.19 


22.50 


8.18 


4.46 


1.41 


36 . 31 


19.40 


5.63 


4.76 


1.30 


61.90 


22. 3J 


7.65 


4.5S 


1.10 


69 .77 


20.62 


6.56 


4.61 


1.16 


68. 56 


18.20 


5.07 


4.71 


1.26 


67 .28 


IS. 32 ■ 


5.18* 


4.67 


0.98 


■32 .96 


22 . 03 


6.23.. 


4.73 


1.33 


53 . ?.5 
231=21 


:?.i.S.=^ 


16;0 


ISiO 


■ Mil . 


11:1 


18; 3 


4.5^ 


1.08 


73.40 


12.40 


7.60 


4.25 


1.20 


77,90 


10.00 


5.40 


4.40 


1.00 


75,90 


10.10 


5.90 


4.40 


0.94 


7:'. 40 


9.40 


6.10 


4.50 


1.00 


73 . 60 


1 -< -^0 


7.90 


4.60 


0.98 




10. "^0 


6.50' 


4.49 


0 .96 


76.70 


9 . S»0 


6.00 

i . x« 


4.2C 


1.10 


77 .20 


9 . 7 C 


5.50 


4.20 


1.00 


80.00 


7 . 9C 


4 . 90 


4.50 


1.00 


73.00 
158-8 


8.80 


5.80 




I&JJ). 


ISji 






3,62 


1.67 


84.15- 


3.60 


3.13 


3.46 


1.64 




?.C? 


3.36> 


3.48 


1. 51 


P3.64 


■■■ . A 3 


4 .fZl- . 


3.53 


1.40 


a.! . 80 


4.4:. 


4 .3.6 

- I' I f 


3.48 


1.39 


83.66 


4,35 


4.44 



I , id 
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10 



15 



20 







110 








3.80 


1.50 


ee.i? 


15.57 






3.41 


1.40 


83.76 


4 .33 


. 4.4Q 




3.42 


1.29 


82.77 


5.1€ 


4.60 




3.77 


1.39 


69.47 


16.40 


6.54 




3.44 


1.36 


83.86 


4.49 


4.27 




3.48 


1.38 


83.15 


4.91 . 


4.53 




3.55 


1.92 


83.69 


4.20 


3.70 





The westar control shews comparatively little seed 
to seed variation in content of 18:1 or 18:2. Further 
the ratio of 18:3/18:2 reir.air.s very constant between 
seeds at about 0.35. Plant #158-8 shculd show a 
segregation ratio of either 1:2:1 or 1:3 since by 
Southern analysis it contains a single transg^ne.. ...The- ; : 
1:2:1 ratio would indicate a semi-dominant, copy number 
effect while the 1:3 ratio would indicate complete r-' 
dominance. Two wild type 158-8 segrerants are clear'.±Ti •! 
Table 15, while the remairo seeds may either be the.., 
same, or the two seeds at r^reater than 8^% 18:1 may 
represent the homozygous t.rar.sgeneic. 3:r. either case 
the fatty acid phenot^^es of the seeds ere as exp^ected 
for effective delta-12 desaturase suppress icn in this 
generation. The fatty acid phenotj^es of the seeds AOf 
plant 151-22 show variation in their 18:1 and 18:2 ^ 
content, with 18:1 .higher th.'^^n the control averagei and" r . 
18:2 lower. The segregation is apparently quite 



complex, as would be expected of a multi-copy transgenic 
plant . 
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SEQPfiNCe LISTINg " '-"^ ' ^ 

GENERAL INFORMATION: 
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(ii) TITLE OF INVENTION: GENES FOR MICROSOMAL 

FATTY ACID DELTA- 12 
DESATURASES AND 
RELATED ENZYMES FROM 
PLANTS 

(iii) NUMBER OF SEQUENCES: 17 

(iv) CORRESPONDENCE ADDRESS:. 

(A) ADDRESSEE: E. 1. DU PONT DE NEMOURS 

AND COMPAl^Y 

CB) STREET: 1007 MAP-aET STREET- 

(C) CITY: WILMINGTON 

(D) STATE: DELAWARE ""/^"T' 

(E) COUNTRY: U.S.A. . : . 
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(V) COMPUTER REA-3.?k3LE FORM: 

(A) MEDIUM TYPE: • Floppy disk 

(B) COMPUTER: Macintosh 

(C) OPERATING SYSTEM: Maclntosli System, 
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Version #1..25 
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(C) CLASSIFICATION: 
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(ix) TELECOMMUNICATION INFORI^^TION : . 

(A) TELEPHONE: (302) 992-4927 
(B> TELEFAX: (302) 892-7949 
(C) TELEX: 835420 

(2) INFORMATION FOR SEQ ID KOrl: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1372 base pairs 

(B) TYPE: nuc:leic aci*:^ 

( C ) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO • 
(iv) ANTI-SENSE: NO t^S^:^A>^>^ 7. 

(vi) ORIGINAL SOURCE : ; . yj' . 

(A) ORGAl^ISM: \rabidopsis thaliana 
(vii) IMMEDIATE SOURCE: 

(B) CLONE: p92103 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 93.. 1244 - - : 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: - " . - 

AGAGAGAGAG ATTCTGCGGA GGAGCTTCTT CTX'CGTAGGG TGtTCATCGT TATTAACGTT 60 

ATCGCCCCTA CGTCAGCTCC ATCTCCAGAA AC ATG GGT GCA GGT GGA AGA ATG 113 

Met Gly Ala Gly Gly Arg Met 

1 . 5 

CCG GTT CCT ACT TCT TCC AAG AA?. TCG 6AA ACC GAC ACC ACA AAG CGT 161 
Pro Val Pro Thr Ser Ser Lys Lys Ser Giu Thr Asp Thr Thr Lys Arg 

10 15 20 - , 



GTG CCG TGC GAG AAA CCG CCT TTC TCG GTG GGA GAT CTG AAG AAA GCA. . . ' 209. 



Val Pro Cys Glu Lys Pro Fro Phe Ser Vail Gly Asp leu Ly;; Lys Ala ■ ' 



25 30 35 

ATC CCG CCG CAT TGT TTC AAA CGC TCA ATC CCT CGC TCT TTC TCC TAC 257 
lie Pro Pro His Cys Phe Lvs A::^ S«r He Pro Arg Ssr Pho Ser Tyr 
40 45 " 50 55 
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CTT ATC AGT GAC ATC ATT ATA GCC TCA 
Leu lie Ser Asp lie lie lie Ala Ser 
• 60 



113 



TGC TTC TAG 
Cys Phe Tyr 
65 
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TAG GTC GCC AGO 
Tyr Val Ala Thr 
70 



305 



■'if 



AAT TAG TTG TGT GTC CTC GCT GAG GCT CTC TCT TAG 
Asn Tyr Phe Ser Leu Leu Pro Gin Pro Leu Ser Tyr 
75 80 



TTG GCT TGG CCA 
L-eu Ala Trp Pro 
85 



353 



CTC TAT TGG GCC TGT CAA GGC TGT GTC CTA AGT GG? 
Leu Tyr Trp Ala Cys Gin Gly Cys Val Leu Thr Gly 
90 95 



ATC TGG GTC ATA 
lie Trp Val lie 
100 



401 



GCC GAG GAA TGG GGT CAC GAC GCA TTC AGO GAC TAG 
Ala His Glu Cys Gly His Hi.s Ala Phe Ser Asp Tyr 
105 * 110 1*15 



CAA TGG CTG GAT 
Gin Trc Leu Asp 



449 



GAC ACA GTT GGT CTT ATC TTC CAT TGC TTC CTC CTC GTC GCT TAG TTC 
Asp Thr Val Gly Leu lie Phe His Ser Phe Leu Leu Val Pro Tyr Phe 
120 125 130 135 



497 



TGC TGG AAG TAT AGT 
■ Ser Trp Lys T^^r Ser 
140 

GAA AGA GAT GAA GTA 
Glu Arg Asp Glu Val 

155 

TAG GGG AAA TAG CTC 
Tyr Gly Lys Tyr Leu 
170 



CAT GGC CGT 
His Arg Ar^ 



TTT GTC CCA 
Phe Vril Pro 



AAC AAC OCT 
Asn Asn Pro 
175 



CAC 

His 



AAG 

Lys 
160 

CTT 
Leu 



CAT TGC AAC 

His Ser Asr 

GAG AAA TCA 

Gin Lys Ser 



GGA GGC ATC 
3iy Arg lie 



ACT GGA 

Thr Gly 



GCA ATC 

r.le 
1<55 



ATG ATG 
Mat M2t 

lao 



TCC CTC 

5,2- 

150 

AAG TGG 
Lyr. Trp 



TTA ACC 
Lou Thr 



545 



593 



641 



GTC CAG TTT GTC CTC 
Val Gin Phe Val Leu 
185 

GGC AGA CC6 TAT GAC 
Gly Arg Pro Tyr Asp 
200 

ATC TAG AAT GAC CGA 
lie Tyr Asn Asp Arg 
220 

ATT CTA GCC GTC TGT 
lie Leu Ala Val Cys 
235 

ATG GCC TCG ATG ATC 
Met Ala Ser Met lie 
250 

GOG TTC CTC GTC TTG 
Ala Phe Leu Val Leu 
265 



GGG TGG GCC 
Gly Trp Pro 
190 

GGG TTC GCT 
Gly Phe Ala 
205 

GAA CGC CTC 
Glu Arc; Leu 



TTT GGT CTT 
Phe Gly Tj€u 



TGC CTC TAC 
Cys Le»: Ty;: 
255 

ATC ACT TAG 
He Th: IVr 
2V0 



TTG 
Leu 



TGC 
Cys 



CAG 
G.ln 



TAC 
Tyr 
240 

GGA 

Gly 



TTG 



TAC TTA GCC 
Tyr Leu Ale 

195 

Q^i,, Y-rC TTC 
His Phe Ph*=i 
210 

hTA TAC CCC 

Zle Tyr 3.jOu 
2.^5 

CGT TAC GCT 

Arg Tyr Ale' 



GTA CCG CIV 

7?;.l Pro Le-.i 



CAG CAC AC'L* 
Gin !iis Thr 
275 



TTT AAC 
Phe A?n 



CCC AAC 
Pro Aj?n 



TCT GiLT 
.Ser Anp 



GCT GCA 
Ala Ale 
2^5 

CTG ATA 

rcu Tic 

260 

C>.i' CCC 



GTC TGT 
V^;l Ser 

GCC CCG 
AIt; Pro 
215 

GCG GGT 
:lla Gly 

CilA GGG 
G?.-^ Gly 

G.:'C^ AA3P 
V-.: Asn 



TUj TTG 
for Leu 



689 



737! 

< 
785 

833 

I -1!: 
881 ; 

929 

Oil 
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CCT CAC TAC GAT TCA TCA GAG TGG GAC 'CGG CTC AGG GGA 3CT TTG GOT 
Pro His Tyr Asp Sex Ser Glu Trp Aup j?rp Leu Arq Gly Ala o^eu Ala 
280 285 290 295 

ACC GTA GAC AGA GAC TAC GGA ATC TTG AAC AAG GTG TTC CAC AAC ATT 
Thr Val Asp Arg Asp Tyr Giy lie Leu Asn Lys Val Phe His A3n He 
300 305 310 

AGA GAC ACA CAC GTG GCT CAT CAC CTG TTC TCG ACA ATG CCG CAT TAT 
Thr Asp Thr His Val Ala His His Leu Phe Ser Thr Met Pro Hi j Tyr 

315 320 323 

AAC GCA ATG GAA GCT ACA AAG GCG ATA AAG CCA ATT CTG GGA GAC TAT 
Asn Ala Met Glu Ala Thr Lys Ale I.\e Ilys Pro lie Leu Qly Asp Tyr 
330 335 340 

TAC CAG TTC GAT GGA ACA CCG TGG TAT GTA GCG ATG TAT AGG GAG GCA 
Tyr Gin Phe Asp Gly Thr Pro Trp Tyr Val Ala M2t Tyr Arg Glu Ala 
345 350 ?55 



977 



1025 



1073 



1121 



1169 



1217 



AAG GAG TGT ATC TAT GTA GAA CCG GAC AGG GAA GGT GAC AAG AAA GGT 
Lys Glu Cys He Tyr Val Glu Pro Asp Arg Glu GI7 Asp Lys Lys Gly ' , • 

•360 365 370 3'I%-»Xl^^^§r \ 



GTG TAC TGG TAC AAC AAT AAG TTA TGAGCATGAT GGTGAAGAAA TTGTGGACCT 
Val Tyr Trp Tyr Asn Asn Lys Leu 

380 

r ■ 

TTCTCTTGTC TGTTTGTCTT TTG'i'TAAAGA AGCTATGCi^T CG^TTTAATA ATCTTATTGT 
CCATTTTGTT GTGTTATGAC ATTTTGGCTG CTCS.TTATGT T 



1271 

377 
1331 

1372 



fr 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 333 amino acids 

(B) TYPS: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: orotein 

(xi) SEQUENCE DESCRIPI'ION : SEQ ID NO: 2: 

Met Gly Ala Gly Gly Arg Knt Pro Val Pro Thr Ser Ser Lys Lys Ser 
1 5 ' 10 .15 

7--; ''f;,>:-^ 

Glu Thr Asp Thr Thr Lys Arg Val Pro Cys Glu Lys Fro Vro Phe Ser''. ^ 
20 25 30 :. ' 

Val Gly Asp Leu Lys Lys Ala He Pro Pro His Cys Phe Lys Arg Ser 

35 *ip ',:5 



He Pro Arg Ser Phe .S?tr l^r Leu Xle Ser Asp He He He Ala Ser 
50 55 60 
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Cys Phe Tyr Tyr Val A:.a Chr Asn Tyr Phe Se:: lieu Leu l>ro Gin Pro 
65 "'O 75 _ 80 

Leu Ser Tyr Leu Ala Tcp Pro Leu Tyr Trp Alt'. Cys Gin GXv Cys Val 
85 90 95 

Leu Thr Gly lie Trp Val He Ala His Glu Cys Gly His His Ala Phe 

100 105 i:.o 

Ser Asp Tyr Gin Trp Leu Asp Asp Thr Val Gly Leu He Phe His Ser 
115 120 125 

Phe Leu Leu Val Pro Tyr Phe Ser Trp Lys Tyr Ser His Ary Arg His 

130 135 140 

His S^r Asn Thr Gly Ser Leu Glu Arg Asp Glu Val Phe Val Pro Lys 
145 150 15r^ 160 

Gin Lys Ser Ala He Lvs Trp Tyr Gly Lys Tyr Leu Asn Asn Pro Leu 

165 170 175 • . 

Gly Arg He Met Met Leu Thr Val Gin Phe Val Leu Gly T.:p -^^iii^^xk^mj- 
180 195 . - • 

Tyr lieu Ala Phe Asn Val Ser Gly Arg Pro Tyr Asp Gly Phe Ala Cys 

195 200 20F^ 

His Phe Phe Pro Asn Ala Pro He Tyr Asn hhni Arg Givi Arc/ Leu Gin 
210 23 5 ' 220 * V' 

He Tyr Leu Ser Asp Ala Gly He Leu Ala Val Cys Phe Gly Leu Tyr 
225 230 235 240 

Arg Tyr Ala Ala Ala Gin Gly Met Ala Ser Met He Cys Leu Tyr Giy 
245 250 255 

Val Pro Leu Leu He Val Asn Ala Phe Leu Val Leu He Thr Tyf £Su 

260 265 270 

Gin His Thr His Pro Ser Leu Pro His Tyr Asp Ser Ser Glu Txp kap 

275 2t\(i 235 

Trp Leu Arg Gly Ala Leu Ala Thr Val Asp Arg Asp Tyr Gi.y lie' L^u 

290 295 • :?0n = 

Asn Lys Val Phe His A»n He Thr Asp Thr His Val Ala nifi His Lett 
305 3:.0 315 320 

Phe Ser Thr Met Pro His Tyr Asn Ala Met Glu Ala Thr L''::) Ala X-ilre" 
325 330 335 . 

Lys Pro He Leu Gly Asp Tyr Tyr Gin Phe Asp Gly Thr Pro Trp Tyr 

340 ?AS Cfji. 

Val Ala Met *ryr Arg Glu Ala Lys Giu Cys 11^ ivr Vai Glu Pro Asp 

355 360 365 
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Arg Glu Gly Asp Lys Lys Gly Val Tyr Trp Tyr Asn Asn Lys Leu 
370 375 380 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS^ 

(A) LENGTH: 1394 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
. (iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Birassica napus ..as^vtrv^ 
(vii) IMMEDIATE SOURCE: 

(B) CLONE: pCF2'-165D 

(ix> FEATURE: * ' • ;'■ 

(A) NAME/KEY: CDS 

(B) LOCATION: 99.. 1250 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: - ■./j 

GAGAGGAGAC AGAGACAGAG AGAGAGTTGA GAGAGCTCTC GTAGGTTATC GTATTAACGT 60 

AATCTTCAAT CGCCCCTACG TCAGCCAGCX CAAGAAAC ATG GGT GCA GGT GGA 113 ' 

Met Gly Ala Gly Gly 
1 5 

A6A ATG CAA GTG TCT CCT CCC TCC AAA XAG TCT GAA ACC GAC AAC ATC 161-'^ 
Arg Met Gin Val Ser Pro Pro Ser Lys Lys Ser Glu Thr Asp Asn He 
10 15 20 

AAG CGC GTA CCC TGC GAG ACA CCG CCC TTC ACT GTC GGA GAA CTC AAG ; 209 \ 

Lys Arg Val Pro Cys Glu Thr Pr^^ Pro ?he Thr Val Gly Glu Lau Lys 

25 30 35 -'A^'^f - 

AAA GCA ATC CCA CCG CAC TGT TTC AAG CGC TCG ATC CCT CGC TCT TTC 257 
Lys Ala He Pro Pro His Cv^ Phs Lys Arg Ser He Pro Arg See Phe 
40 45 50 

TCC CAC CTC ATC TGG GAC ATC ATC ATA GCC TCC TGC TTC TAC TAC GTC 305.- 
Ser His Leu He Trp Asp lit He He Ala Ser Cyr Phe Tyr T^vr Val ^ \' 

55 60-65 



t-0 
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GCC ACC ACT TAG TTC CCT CTC CTC CCT AAC CCT CTC TCC TAC TTC GCC 353 
Ala Thr Thr Tyr Phe Pro Leu Leu Pro Asn Pro Leu Ser Tyr Phe Ala 

70 "75 80 is • >;^^ 

TGG OCT CTC TAC TGG GCC TGC CAG GGC TGC GTC CTA ACC GGC GTC TGG 401 • 

Trp Pro Leu Tyr Trp Ala Cy3 Gin Gly Cys Val Leu Thr Gly Val Trp 

90 95 ICO 

GTC ATA GCC CAC GAG TGC GGC CAC GCA GCC TTC AGC: GAC TAC CAli TGG 449 
Val lie Ala His Glu Cys Gly His Ala Ala Phe Ser Asp Tyr Gin Trp 
105 110 115 

CTG GAC GAC ACC GTC GGC CTC ATC TTC CAC TCC TTC CTC CTC GTC CCT 497 
Leu Asp Asp Thr Val Gly Leu I.Te Phe His Ser Phe Leu Leu Val Pro 
120 125 130 

TAC TTC TCC TGG AAG TAC AGT CAT CGA CGC CAC CAT TCC AAC ACT GGC 545 

Tyr Phe Ser Trp Lys Tyr Ser His Arg Arg Eis His Ser Asn Thr Gly 
135 140 145 

TCC CTC GAG AGA GAC GAA GTG TTT GTC CCA AGA AGA AGT ChG ACA TCA ^/593 ^ 

Ser Leu Qlu Arg Asp Glu Val Phe Val Pre Arg Arc: Sor Gin T.'w Ser^>3i/#i'>f???^^^ 
150 155 160 165** ' 

AGT GOT ACG GCA AGT ACC TCA ACA ACC TTT GGA CGC ACC GTG ATG TTA 641- 
.Ser Gly Thr Ala Ser Thr Ser Thr Thr Phe Gly Arg Thr Val ^5at Leu ^ 
170 175 nao 

ACG GTT CAG TTC ACT CTC GGC TGG CCT TTG TAC TTA GCC TTC AAC GTG . 68?^*;. 

Thr Val Gin Phe Thr Leu Gly Trp Pro Leu Tyr Leu Ala Ph'2 Asn Val ■ - ' 

185 190 195 

■ t^ 

TOG GG6 AGA CCT TAC GAC GGC GGC TTC GCZT TGC CAT TTC CAC CCC AAC . ■ 737 
Ser Gly Arg Pro Tyr Asp Gly Gly Phe Aia Cys His Phe His Pro Asn 

200 205 210 /: ; V':,^ 

-C • 'k49 ' 

GCT CCC ATC TAC AAC GAC CGT GAG CGT CTC CAG ATA TAC ATC TCC GAG 785' 
Ala Pro lie Tyr Asn Asp Arg Glu Arg X.eu Gin He Tyr He Ser Asp 
21.5 220 225 

GCT GGC ATC CTC GCC GTC TGC TAC: GGT CTG CTA CCG TAC GCr (KIT GTC 833; 
Ala Gly He L^u Ala Val Cys '.^yv Glv T.,eu Leu Pro Tyr A.la .Me Val - 
230 235 240 245 

CAA GGA GTT GCC TCG ATG GTC TGC TTC CTA CGA GTT CCT CTT CT3 ATT 881 
Gin Gly Val Ala Ser Met Vej Cys Phe Leu Arg Val Pro I.eu Leu He 

250 • 255 2f>0 : . » ■ . - 

GTC AAC GGG TTC TTA GTT TTG ATC ACT TAC TTG CAG CiiC ACG C-.J? CCT » - ' ' r :9i?9'''' 
Val Asn Gly Phe I^eu Val Leu He Thr Tirv Lau Gin Hi- Thr Fi** !?ro 
265 :nn 275 

TCC CTG CCT CAC TAT GAC T^^G TCT GMj L'30 GAT TGG T..'G AG3 GGri GCT 977 
Ser Leu Pro His Tyr Arjp Sor Ser Glu Trp Asp Trp L'rju hrg G*"/ Ala . . 

280 285 :^90 - 
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TTG GCC ACC GTT GAC AGA GAC TAC GGA ATC TTG AAC CAA GGC TTC CAC 10251 
I«eu Ala Thr Val Asp Arg Asp Tyr Gly lie Leu Asn Gin Gly Phe His> i-^^.t 
295 30C- 305 

AAT ATC ACG GAC ACG CAC GAG GCG CAT CAC CTG TTC TCG ACC ATG CCG 1073 
Asn lie Thr Asp Thr His Glu Ala His His Leu Phe Ser Thr Met Pro 
310 315 320 325 

CAT TAT CAT GCG ATG GAA GCT ACG AAG GCG ATA AAG CCG ATA CTG GGA 1121 
His Tyr His Alei Met Glu Ala Thr Lys Ala He Lys Pro He L^bu Gly 
330 335 3'}C 

GAG TAT TAT CAG TTC GAT GGG ACG CCG GTG GTT AAG GCG ATG VICG AGG 1169 
Glu Tyr Tyr Gin Phe Asp Gly Thr Pro ^'al Val Lys A?.a Met ??r:p Arg 
3^5 350 3f;f5 

GAG GCG AAG GAG TGT ATC TAT GTG GAA CCG GAC AGG CAA GGT GAG AAG 1217 
Glu Ala Lys Glu Cys He Tyr Val Glu Pro Asp Arg Gin Gly Gj.u Lys 
360 365 370 

AAA GGT GTG TTC TGG TAC AAC AAT AAG I'TA TGAAGCAAAG AAGAAACTGA . i267^- • 

Lys Gly Val Phe Trp Tyx Ac::. Asn Zz/s Leu ' ; ' 

375 . 380 v.'if/;-*" • 

ACCTTTCTCT TCTATCAATT GTCTTTGTTT AAGAAGCTAT GTTTCTGTTT CAi>.TAATCTT 1327 

AATTATCCAT TTTGTTGTGT TTTCTGJXAT TTTGGCT^^J^A ATTA^'OTG^.T GTTGGAAGTT " 1387 • 

AGTGTCT - 13 9 4^ 



(2) INFORMATION FOR SSQ ID NO: 4: 

(i) SEQUENCE CHJ»RACTE?1STICS : 

(A) LEI^'GTH: 383 amino acids 

(B) TYPE; amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TiPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 



o 

b 



xrai 



Met Gly Ala Gly Gly Arg Ket Gin Vr.l Ser Pro Pro Ser I^ys Lys Ser 
15 10 IS 

Glu Thr Asp Asn lie Lys Arg Val Pro Cys Glu Thr Pro Pro Phe Thr 

20 " 25 30 

Val Gly Glu Leu Lys Lys Ala lie Fro Vro Kis Cys Phe l.ys Arg Ser 
35 40 45 

He Pro Arg 6Qr Phs i-er liLs Leu lie Irp Asp He lie i:.e Aifa' Ser 
50 55 60 
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Cys Phe Tyr Tyr Val Ala rhr T^ir r^r Phe ?:ro --eu . Asn Pro 

65 70 "75 80 • 

Leu Ser Tyr Phe Ala Trp Pro Leu Tyr Trp Ala Cys Gin Gly Cys Val 

85 90 95 

Leu Thr Gly Val Trp Val . lie Ala His Glu Cys Gly His Ala Ala Phe 

100 105 110 

Ser Asp Tyr Gin Trp Leu Asp Asp Thr Val Gly Leu He Ine His Ser 
115 120 125 

Phe Leu Leu Val Pro Tyr Phe Ser Trp Lys Tyr Ser His Arg Arg His 
130 1 ^=^5 lAQ 

His Ser Asn Thr Gly Ser Leu Glu Arg Asp Glu Val Phe Val Pro Arg 

145 , 150 155 160 

Arg Ser Gin Thr Ser Ser Gly Thr Aia Ser Thr Ser Thr Thr Phe Gly 

165 170 175 

Arg Thr Val Met lieu Thr Val Gin Phe Thr Leu Gly Trp Pro Leu Tyr 

130 185 ^20 , 

Leu Ala Phe Asn Val Ser Gly Arg Pro Tyr Asp Gly Gly Pae Ala Cys 

195 200 .?05 

His Phe His Pro Asn Ala Pro lie Vyr Asn Asp Arg ut^u Arg Leu Gin 

210. 215 220 -r"^ .* 

lie Tyr He Ser Asp Ala Gly lie Lou Ala Val Cys lyr Uiy Leu Leu 

225 230 235 240 

Pro Tyr Ala Ala Val Gin Gly Val Ala Ser Net Val Cys Phe Leu ixg 

245 250 255 

Val Pro Leu Leu He Val Asn Gly Phe Leu Val Leu Xle Thr T^r Lieu 

260 265 ^70 

Gin His Thr His Pro Ser Leu Pro His Tyr Asrs Ser .ier oxu Trp Asp 
■ 275 230 7ZS 

Trp Leu Arg Gly Ala Leu Aia Thr Val Asp Arg Asp Tyr Giy He Leu 
290 295 300 

Asn Gin Gly Phe His Asn He Thr Asp Thr His Glu Ala His Hii^ £eu 

305 310 315 'r-' 320 

Phe Ser Thr Met Pro His Tyr His Ala Met Glu Ala TVir Ala lie 

325 330 335 

Lys Pro He Leu Giy Glu Tyr Tyr Gin Phe Asp Gly Thr Pro Val Val 

340 'VI 5 350 

Lys Ala Met Trp Arg Glu Ala Lys Glu Cys He Tyr Vai Glu Pro 3^p • 

355 350 365 
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Arg Gin Gly Glu Lys Lys Gly Val ?he Trp Tyr Asn Aan Lys Leu 
370 " 375 380 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 62 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE ?:'YPE: cDNA 
• (iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(vi) • ORIGINAL SOURCE: 

(A) ORGJiNISM: Glycine max 
(vii) IMMEDIATE SOURCE: 

(B) CLONZ: pSF2-lS5K '"^-^ • . - ^i^a 
(ix) FEATUF.E: 

(A) NMIE/KEY: CDS /. ' 

(B) LOCATION: 108.. 1247 \ i-. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CCATATACTA ATATTTGCTT GTATTGATAG CCCCTCCGTT CCCAAGAGTA T^iAAACTGCA 60 

TCGAATAATA CAAGCCACTA GGCiiTGGGTC XAGCAAAGGA AACAACA ATG GGA GGT 116 

Met Gly Gly - • 

1 • 

AGA GGT CGT G^^G GCC i^JiA Gr3 QhK GTT CPA GGG AAG AAG OCT CTC TCA .164. 
Arg Gly Arg Val Ala Lys Val Glu Val Gin Gly Lys Lys Pro Leu Sex 

5 xc 15 

AGO GTT CCA AAC ACA AAG CCA CCA TTC ACT GTT GGC CAA CTC AAG AAA 212 . 

Arg Val Pro Asn Thr Xiys Pro Pro Ph« Thr Val Gly Gin Leii Lys Lys 
20 25 30 35 

GCA ATT CCA CCA CAC TGC TTT CAG CGC TCC CTC CTC ACT TCA TTC TCC 260 
Ala lie Pro Pro His Cys Pho Gin Arg Sar Leu Leu Thr Ser Ph-a Ser 
40 45 50 ... 

TAT GTT GTT TAT GAG CTT TCA TTT GCC TTC ATT TTC TAC ATT GCC ACC ' 308 

Tyr Val Val Tyr Asp Stit Phe Ala Phe lie Pho T^/r lie ?*.la Thr 

55 60 65 • 
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ACC TAC TTC CAC 
Thr Tyr Phe Kis 
70 

ATC TAT TGG GTT 
He Tyr Trp Val 
65 

GCT CAC GAG TGT 
Ala His Glu Cys 
100 



CTC GTT OCT 
Leu Leu Pzo 



CTC CAA GG? 
Leu Gin Gly 

50 

GGT CAC CAT 
Gly His His 
105 



CAA CCC TTT TCC CTC ATT 
Gin Pro Phe Ser Leu He 

TGC CTT CTC ACT GGT GTG 
Cys Leu Leu Thr Gly Val 

95 

GCC TTC AGC AAG TAC CAA 
Ala Phe Ser Lys Tyr Gin 
110 



GCA TGG CCA 
Ala Trp Pro 



TGG GTG ATT 
Trp Val He 



TGG Grr GAT 
Trp Val Asp 
115 



356 



404 



452 



GAT GTT GTG GGT 
Asp Val val Gly 



TCA TGG AAA ATA 
Ser Trp Lys lie 

135 



TTG ACC CTT 

Leu Thr Lev. 
120 

AGC CAT CGC 

Ser His Arc: 



CAC TCA 
His Ser 



CGC CAT 

Arcj His 
140 



ACA CTT TTA GTC 
Thr Leu Leu Val 
125 

CAC TCC AAC ACA 
His Ser Asn Thr 



CCT TA1- TTC 
Pre Tyr Phe 

130 

GGT TCC CTT 

Gly Ser Leu 

145 



500 



548 



GAC CGT GAT GAA 
Asp Arg Asp Glu 
150 

TTT TCC AAG TAC 
Phe Ser Lys Tyr 
165 



GTG TTT GTC 
Val Phe V.-1 



TTA AAC AAC. 
Leu Asn Ann 
170 



CCA AAA 
Pro Lys 

CCT CTA 

F.rc Leu 



CCA AAA 
Pro Lvs 



GGA AGG 

Gly Arg 



TCC AAA 
Ser L^.\^ 

GCT GTT 
Air Val 
175 



GTT GCA TGG 596 
Val AJ.;:. TrR> ; ?/r.-. j-:;. 



TCT CTT CTC 644 

Sg:: Lnu Leu 



GTC ACA CTC ACA 
Val Thr Leu Thr 
160 

GGT AGA CCC TAT 
Gly Arg Pro Ti^r 



ATA TAT TCT AAC 
He Tyr Ser Asn 

215 

TTG TTT TCT GTG 
Leu Phe Ser Val 
230 

TTG GTT TGG CTG 
Leu Val Trp Leu 
245 

GGT TTT CTT GTG 
Gly Phe Leu Val 
260 

CCT CAT TAC Gi\l' 
Pro His Tyr A5p 



ATA GGG TGG 
He Gly TrtD 
185 

GAT AGT TTT 
Asp Ser Phe 
200 

CGT GAG AGG. 
Arg Glu Arg 



ACT TAC TCT 
Thr Tyr Ser 



CTA TG'r Gtl' 
Leu Cys Vc.l 
250 

ACT ATC AC-;^ 
Thr He Thr 
265 

TCA TCA GPui 
Ser Ser Glv. 
290 . 



CCT ATG 
Pro Met 



GCA AGC 
Rla Ser 



CTT CTG 
Leii hen 
220 

CTC TAC 
Len Tyr 
235 

TA'i GGG 
Ty:: Gly 



TAT TTA 
Tvr Leu 
190 

CAC TAC 

Hi5 Tyr 

205 

ATC TAT 
He Tyr 



GCC TTC 
Ala Phe 



CAC CCT 
His Pro 



GTC TCT 
Val Ser 



TAT 'JTG 

l*yr Leu 



TGG GAC 
Trc ASD 



CGT GTT GCA 
Arg Val Ale 



GTG CCT TTG 
Val Pro Lev 
25.^ 

CAG ChC ACA 

Gin Thr 
27 0 

TGG CTG AAG 
Trp Leu Lyr. 
2P5 



ACC 
Thr 
240 

CTC 
Leu 



CAC 



GGA 
Gly 



AAT GTC TCT 
Asn Vil Ser 
195 

TAT GCT CCC 
Tyr Ala Pro 

2".n 

GIW GTT GCT 
A«iO Val Ala' 
225 

CTG GGG 

he.\i hr'<: Gly 



ATT GX'G AAC 
Zli: Val Asn 



TTT GCC TTG 

^J-.n A" r. Leu 
275* 

V 

GlV TvC gca^ 
Zsf^w Ala 
29(» 



692 



740 

>52 
78B 



836 



!i4b 
884 

^ !i> 

932 
9B0f 
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ACT ATG GAC AGA GAT TAT GGG ATT CTG AAC AAG GTG TTT CAT (.i C ATA 1028 
Thr Met Asp Arg Asp Tyr Giy lie Leu Asn Lys Val Phe Kis Kis lie 
295 300 305 

ACT GAT ACT CAT GTG GCT CAC CAT CTC TTC TCT ACA ATG CCA CAT tAC 1076 
Thr Asp Thr His Val Ala His His Leu the Ser Vhr Met Pro ais Tyr 
310 315 320 

CAT GCA ATG GAG GCA ACC AAT GCA ATC AAG CCA ATA TTG GGt' GiiG TAC 1124 
His Ala Met Glu Ala Thr Asn iiia lie Lys Pro lie Leu Gly Olu Tyr 
325 330 335 

TAC CAA TTT GAT GAC ACA CCA TTT TAC AAG GCA CTG TG<5 AGA GAA GCG ' 1172 
Tyr Gin Phe Asp Asp Thr Pro J?he Tyr Lys Ala Leu Trp ."L.^rg 0.\u Ala 
340 345 350 355 

AGA GAG TGC CTC TAT GTG GAG CCA GAT GAA GGA ACA TCC GAG AAG GGC 1220 

Arg Glu Cys Leu Tvr Val Glu Pro Asp Glu Gly Thr Ser GIii Gly 
360 ?55 ?70 

GTG TAT TGG TAC AGG AAC AAG TAT TGATGGAGCA ACCAATGGGC CATAGTGGGA 1274 
Val Tyr Trp Tvr Arg Asn Lys Tyr f '^vrVC^S*' * 

375 3nO ■ . 

GTTATGGAAG TTTTGTCATG TATTAGTACA TAATTAGTAG AATGTTATAA ATJiAGTOGAT 1334 

TTGCCGCGTA ATGACTTTGT GTGTAT'-^GTG AAAC».GCTTG T'^GCGATC;.'^ GH^TATAATG • l3tf4 

TAAAAATAAT TCTGGTATTA ATTACATGTG GAAAGTGTTC TGCTTATAGC TTrCTGCCTA 1454 

AAAAAAAA 1462 



(2) IKFOFHATIDN FOR SEQ ID MO: 5: 

<i) SEQUENCE CHARACTERISTICS: 



1124 



(A) LEKGTH: 37 9 amino acids / ' 

(B) TYPE: amino acid . ■ 
(D) TOiCLOGY: ii.iear 



(ii) MOLECULE TYPE: protein 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
Met Gly C=ly Arg Gly : r.q Val Ale Lvs Val Glii Val Gin G?.y Lys Lys ..... 

15 10 15 

Pro Leu Ser Arg Val Fro Asn Thr Lys Pro Pro Phe Thr Val Gly Gin- 
20 25 30 

Leu Lys Lys Ala lie .^rx Pro FiJ? Cys Phe Gin Arg Ser leu Leu Thr \\-^'' 
35 40 4;5 ' 
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Ser Phe Ser Tyr Val Vai Tyr Asp Ltu Ser Phe Ala Pha lie Phe Tyr 
50 55 ,60 

lie Ala Thr Thr Tyr Phe His Leu Leu Pro Gin Pro Phe Ser Leu lie 
65 ':'0 75 80 

Ala Trp Pro lie Tyr Tro Val Leu Gin Gly Cys Leu Leu Thr Gly Val 
85 ^ 90 95 

Trp Val lie Ala His G.lu Cvs Giy Kf-S His Ala Phe Ser lya Tyr Gin 
100 105 110 

. Trp Val Asp Asp Val V3l Gly Leu Thr Leu His Ser Thr l^^u Leu Val 
115 120 i?,5 

Pro Tyr Phe Ser Trp Lys lie Ser His Arg Arg His K.is Ser Asn Thr 
130 135 ' 140 

Gly Ser Leu Asp Arg Asp Glu Val .Phe Val Pro Lys Pro Lys Ser Lys 
145 150 155 160 

Val Ala Trp Phe Ser Lys Tyr Leu Asn Asn Pro Leu Gly Arg Ala Val 

165 170 115 -j^kv 

Ser Leu Leu Val Thr Leu Thr lie Giy Trp Pro Met Tyr Leu Ala. Phe 

180 :s5 • ^<*o ' ■ , ' 

Asn Val Ser Gly Arg Pro Tyr Asp Ser Phe Ala Ser Kis Tyr His Pro 

195 200 .?05 

Tyr Ala Pro He Tyr Ser Asn Arg Glu Arg Leu Leu lie Tyr Val Ser 
210 215 2?0 

Asp Val Ala Leu Phe Ser Val Thr Tyr Ser Leu Tyr Arg Val Ala Thr 
225 230 235 ' - 240 

Leu Lys Gly Leu Val Tro Leu Leu Cvs Val Tyr Gly Val Pro L^ii Leu 
245 " 250 255 

He Val Asn Gly Phe Lau Vai Thr Lie Thr Tvr Leu Gin itis Thr Hlk ^' 
260 2.^5 " ?70- 

Phe Ala Leu Pro His Tyr Asp Ser Ser Glu Trp Asp Trp Leu hys Giy 

275 280 235 

Ala Leu Ala Thr Met Asp Arg Asp Tyr Gly He Leu Asn Lys Val Ph'e 

290 * 2^S 300 

His His He Thr Asp Tar His Val Ala His His Leu Phe Ser Thr Met- 
305 3'.0 315 320 

Pro His Tvr His Ala h^et Glu Ala Thr Asn Ala He Lys i?ro He Ifeu 
325 330 .335 • . 

Gly Glu Tyr Tyr Gin Phe Asp Aso Thr Pro Phe Ty.T Lys rtia Lieu Trp 
340 345 3r»0 



1 r J \ - 
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Arg Glu Ala Arg Glu Cys leu Tyr Val Giu Pro Asp Glu oly Thr Ser 
355 350 365 

(31u Lys Gly Val Tyr Trp Tyr Arg Asn Lys Tyr 
370 375 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 &0 base pairs 

(B) TYPE: nucleic acid 

(C) STRAWDLDNE3S : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

<A) 0RG:\NISM: Ziiz mays 
(vii) IMMEDIP.TE SOURCI:: : 
(B) CLONE: pFad2#l 
(ix) FEATURE: 

(A) NMJ:i:/KEY: CDS 

(B) LOCATION: 165. .1328 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

CGGCCTCTCC CCTCCCTCCT CCCTGCjRFu^.T CCTGCAGACA CCACCGCTCG TTirTTCTCTC 60 

CGGGACAGGA 6AAAAGGGGA GAGAGAUGTG AGGCGCGGTG TCC6CCCGAT CTGCTCTGCC 120 

CCGACGCAGC TGTTACGACC TCC^iCAGTCI CAGVCAGG^.G CAAG ATG GGT GCC GGC . 176 

Met Gly Ala Gly 

1 ^ 

GGC AGG ATG ACC GAG AAG G^i3 CGG GAG iUiG CAG GAG CAG CTC GCC CGA 224 
Gly Arg Met Thr Glu Lys G:«u Arg Glu hys Gin Glu Gin Leu Ala Arg 

5 ' 10 15 20 .;| 

- ' / 

GCT ACC GGT GGC GCC GCG ATG CAG CGG TCG CCG GTG GAG AAG CCT CCG 27i2 
Ala Thr Gly Gly Ala. Ala K^t. Gin Arq £cr }?ro Va.T Glu I.ys Tro Pro 
25 30 35 
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TTC ACT CTG GGT CAG ATC AJiO GCw 

Phe Thr Leu Gly Gin lie Lys lys Ala 
40 45 

CGC TCG GTG CTC AAG TCC TL'C TCG TAC 
Arg Ser Val Leu Lys Ser Phe Ser Tyr 
55 60 



ATC CCG CCA CAC TGC ll^C GAG 320 
He Pro Pro His Cys Phe Glu 
50 

GTS GTC CAC GhC CTG GTG ATC 366 
Val val His Asp Leu Val He 
65 



GCC GCG GCG CTC CTC TAC T.?Z GC3 CTG GCC ATC ATA 
Ala Ala Ala Leu Leu Tyr Pha Ala Leu Ala He lie 
70 75 80 



CCG GCG CTC CCA 
Pre Ala Leu Pro 



416 



AGC CCG CTC CGC TAC GCC GCC TGG CCG CTG TAC TGG ATC GCG CAG GGG 
Ser Pro Leu Arg Tyr Ala A.*^ r Trp Pre Leu Tyr Trp He Alci C:in Gly 
85 90 95 100 



TGC GTG TGC ACC 
Cys Val Cys Thr 



GGC GTG 
Gly Val 
10*5 



TGG GTC ATC 
Trc Val I3.e 



GCG CAC 

Ala His 
HO 



GAG 

G.ru 



TGC GGC 



CAC CAC 
Hi.- His 
H5 



464 



.512 



GCC TTC TCG GAC TAC TCG 
i Ala Phe Ser Asp Tyr fSer 
120 

CAC TCG TCG CTC ATG GTG 
His Ser Ser Leu Met Val 
135 

CGC CAC CAC TCC AAC ACG 
Arg His His Ser Asn Thr 
150. 

CCC AAG AAG AAG GAG GCG 
Pro Lys Lys Lys Glu Ala 
165 170 

AAC CCG GTC GGC CGG GTG 
Asn Pro Val Gly Arg Val 
185 



CTC CTG GAC 
leiu Leu Asp 
125 

CCC TAC TTC 

Pr-: Tyr Phe 

GCG TCC CTG 
Gly Ser Leu 

CTG CCG TGG 
Leu Pre Trp 



G'XG CAC ATC 
Val His He 



GAC GTG 
Val 



TCG TGG 
Ser Trp 



GAG CGC 
Glu Arg 



TAC ACC 
Tvr Thr 
175 

GTG GTG 
vel Val 
190 



GTC 

Va: 



AAG 

Lys 



GAC 

ASC 
160 

CCG 
Pro 



CAG 
Gin 



GGC CTG 

Gly .l»3u 

: 30 

TAC AGC 

Tyr S^r 
145 

G^iG GTG 
Glu Val 



TAC GTG 
Tyr Val 



CTC ACC 
Leu Thr 



GTG CTG 
Val Leu 



CAC CGG 
II:? Arg 



TTC GTG 
Phe Val 



TAC AAC 
Tyr Asn 
180 

CTC GGG 
Leu Gly 
195 



560 



■1 v.U'^^ 



608 
656 
704 
752 



TGG CCG CTG TAC CTG GCG AC..: iiAC GCG TCG GGG CGG 
Trp Pro Leu Tyr Leu Ala Thr A?n Ala Ser Gly Arg 
200 205 

TTC GCC TGC CAC TTC GAC CCC TAG GGC CCC ATC TAC 
Phe Ala Cys His Phe Aso Pro Tyr Gly Pro He Tyr 
215 220 

CGC GCC CAG ATC TTC GTC TCC GAC GCC GGC GTC GTG 
Arg Ala Gin He Phe Val Ser r.sp Ale Gly Val Val 
230 235 240 

GGG CTG TAC AAG CTG GCG GCG GCG T'XC GcG GTC TGG 
Gly Leu Tyr Lvs Leu Ale Al: Phe Gly Val Tr?: 

245 250 255 



CCG TAC 
Pro T^*"!? 
21.0 

AAC GAC 

225 

GCC g.:g 

Ale ^'.'.1 



TGG C'XG 
Trp V^l 



cc:g CGC 

Pro Ar^ 



CGG GAG 

s..^r^' Glu 



GCC} TTC 
A-.C. Phe 



GTC CGC 
V:l Arg 
260 



800 



848 



^^0 
896 



944 
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GTG TAG GCC GTG CCG CTG Cr3 KTZ GTG AAC GCG TGG CTG GTG CTC ATC 
Val Tyr Ala Val Pro Leu Leu lie Val Asn Ala Trp Leu Val Leu lie 
265 ' 270 275 

ACC TAG CTG GAG CAC ACC C?.C CCG TCG CTC CCG CAC TAG CAC TCG AGC 
Thr Tyr Leu Gin His Thr His Fro Ser Leu Pro His Tyr Asp Ser Ser 
280 285 290 

GAG TGG GAC TGG CTG CGG GGC GCG CTG GCC ACC i^TG GAC CGC GhC TAG 
Glu Trp Asp Trp Leu Arg G3 y Ala Leu Ala Thr Ket Asp Arg Asp Tyr 
295 300 305 

GGC ATC CTG AAG CGG GTG T'?C CAC AAC ATC AGG GAG ACG GAG GTG GCG 
Gly lie Leu Asn Arg Val Phe H7.3 Asn He Thr Asp Thr His Val Ala 
310 315 320 

GAG GAG CTG TTC TCG ACC A::G CCG CAC TAG GAC GCC ATG GAG GCC ACC 
His His Leu Phe Ser Thr M«t Pro His Tyr His Ala MJ^t Glu Ala Thr 
325 330 335 340 



992 
1040 
1088 
1136 
1184 



AAG GCG ATC AGG CCG ATC CTC GGC GAC TAG TAG CAC TTC GAC CCG ACG ' 1232 
Lys Ala He Arg Pro He I f^u Gly A?p Tyr Tyr H: s Pha ?.rp Pro Thr 

345 350 355 ^^ll/'^tJf^T'r- 



CCT GTG GGC AAG GCG ACC TGG CGC GAG GCC GGG GAA TGC ATC TAG GTG 
Pro Val Ala Lys Ala Thr 'Trp Airg Glu Ala Gly Glu Cys Zle Tyr Val 
360 365 370 



1280 




GAG CCG GAG GAC GGC AAG GGC GTG TTC TGG TAG AAC AAG AAG TTC TAGCCGCCGC 1335 
Glu Pro Glu Asp Arg Lys Gly Val Phe Trp Tyr Acm Lys Lys Phe T ' : r h 

375 380 ?'b5 



CGCTCGGAGA GCTGAGGACG CTACCGTi^GG AATGGGAGCA GAAACCAGGA GGAGGAGAGG 

6TACTCGCCC GAAAGTGTGC GTCAACCTAT CTAATCGTTA GTCGTCAGTr TT'T^TAGACGG 

GAAGAGAGAT CATTTGGGGA GAGAGACGAA GGCTTAGTGC AGTGCCATCG CVAGAGCTGC 

CATCAAGTAC AAGTAGGGAA ATTCGTCAAG TTAGTGTGTG CCATGTTGTT TTTGTTAGTC 

GTCCGCTGCT GTAGGCTTTC GGG'JGGCGGT CGTTTGTGTG GOTGGCATCG GyGGGGATGC 

CTGTGCGTGG GTGGCCGGGC TTGTGGTGTG CGTCTGTCGT CGGGTTGGCG TCGTGTCTTC 

GTGGTGCGGG TGTGTTGTTG TA/ilACAHGA AGATGTTTTG TGGTGTCTTT GGCGGAATAA 



CAGATCGTGG GAACGAAAAA AAAAAAAAAA AAAAA 

■ (2) IMFORMATXON TOR 3EQ ID NO: 8: 
( i ) SEQUENCE CEJiRACTf:i-.IST IC53 

(A) IwiNGTH: 387 amino acids 

(B) TVPE: amino acid 
(D) TOPOLOGY: xinear 



- ^ ^, 
1395- 

1455 

1515. 

1575 

1635 

1695 

1755 

1790 

■ * > 
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(ii) MOLECULE TYPE: protein ' . 

(xi) SEQUENCL DESCRIPTION: SEQ ID N0:8: . ' 

Met Gly Ala Gly Gly Arg Met Thr Glu Lys Glu Arg Glu Lys Gin Glu 
15 10 15 

Gin Leu Ala Arg Ala Th:: Gly Gly Ala Ala Met Gin Aig Ser Pro Val 
20 25 •'*0 

Glu Ly3 Pro Pro Phe Thr Leu Gly Gin lie Lys Lys Ala lie Pro Pro 

35 40 45 

His Cys Phe Glu Arg i et Val Leu Lvs Ser Phe Ser 'i'yr Val Val His 
50 55 60 

Asp Leu Val lie Ala Ala Ala Leu Leu Tyr Phe Ala Leu Ala lie lie 
65 70 75 80 

Pro Ala Leu Pro Ser Pi;o Leu Arg Tyr Ala Ala Trp Pro Leu Tyr Trp 

85 90 * 95 , V 

lie Ala Gin Gly Cys Val Cys Thr Gly Val Trp Val lie Ala HiV* Gi^u^ ' f 
100 105 110 

Cys Gly His His Ala Phe Ser Asp Tyr Ser Leu Leu Asp Asp Val Val 

115 120 125 

Gly Leu Val Leu His Sar Ser Leu Ket Val Pro Tyr Phe Ser Trp Lys ^v' 
130 :35 . 7.40 

Tyr Ser His Arg Arg His His Ser Asn Thr Gly Ser Leu Glu h±q Ksp' . 
145 150 155 ' 160 

Glu Val Phe Val Pro Lys Lys Lys Glu Ala Leu Pro Trp lyr Thr Pro 

165 170 175 I'.'i. 

Tyr Val Tyr Asn Asn Pro Vai Gly A::g Val Val His He Val Val Gin 
180 185 190 




Si 



Leu Thr Leu Gly Vrp Pro Leu Tyr Leu Ala Thr Asn Ala Ser Gly Urg 
195 200 205 

Pro Tyr Pro Arg Phe Ala Cys His Phe Asp Pro Tyr Gly Pro lie Tyr 

210 215 220 . 



Asn Asp Arg Glu Arg Ala Gin He Phe Val Ser Asp Ala Gly Val^ Val* 

225 SiO 275 Vb. 240 

Ala Val Ala Phe Gly Leu Tyr Lys Leu Ala Ala Ala Phe Gly Val Tip 

245 250 255 



Trp Val Val Arg Val Tyr Ala Val Pro Leu Leu lie Val Asn Ala Trp 

260 270 

Leu Val Leu He Thr r Leu Gin His Thr His Pro ;5er Leu Pro .H±8 

275 280 225 
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Tyr Asp Ser Ser Glu Trp Asp Trp :j^u Arg Gly Ala Leu Ala Thr Met 
290 • 295 300 

Asp Arg Asp Tyr Gly lie l*eu Asn Arg Val Phe Hia Aan lie Thr Ajsp 
305 310 315 • 320 

Thr His Val Ala His Hi3 he\x Pha Ser Thr Met Pro His Tyr His Ala 
325 330 335 

Met Glu Ala Thr Lys Ala* lie Arg Pro lie ijeu Gly Asp Tyr Tyr His 

340 •'.CS 350 

Phe Asp Pro Thr Pro Val Ala Lys Ala Thr Trp Arg Q\n Ala Gly Glu 

355 360 365 

Cys lie Tyr Val Glu .Pro Glu Asp Arg Lys Gly Val Phe Trp Tyr Asn 
370 375 ?f30 

Lys Lys Phe 
385 



(2) INFORI^TION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 67 3 b&se pairs :c 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear - . 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(vi) ORIGIL'^AL SOURCE; ,y t-;^ 

(A) ORG.?^ISM: Ricinus coninunis 
(vii) IMMEDI7.TE SOURCE: 

(B) CLONE: pRF2-lC 
(ix) FEATURE: 

(A) N/^IE'^KEY: CDS 

(B) LOCATION: 1..673 



"r : Xi:i7\ 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

TGG GTG ATG GCG CAT GAT TGT GGG CAC CAT GCC TTC ACT GAG TAT CAa"" ' - ^S 
Trp Val Met Ala His Asp Cyb- Gly His his Ala Phe Ser Asp Tyr Gin 
15 10 15 

TTG CTT GAT GAT GTA GTT GGT CTT ATC CTA CAC TCC TGX DPC CTT GTC 96 
lieu Leu Asp Asp Val Val Gly Leu He Leu His Ser Cys Leu Leu Val 
20 25 30 

CCT TAT TTT TCA TGG AAA CAC AGC CAT CGC C6A CAT CAT TCC AAC ACA 144 
Pro Tyr Phe Ser Trp Lys His Ser His Arg Arg His His Ser Asn Thr 

35 4C 45 

GGG TCC CTG GAA CGG GAT GK\ (=TG TTT GTT CCC AAG AAG AkP. TCT AGT 192 
Gly Ser Leu Glu Arcr ^.sp Glu Ve\ Phe Val Pro Ly.'_' Lya Lvs Ser Ser 
50 ' 55 60 

ATC CGT TGG TAT TCC AAA TAG GTC AAC AAC CCT CCA GGT CGT ATG ATG 240 
He Arg Trp Tyr Ser Lys' Tyr Leu Asn Asn Pro Pr-. G.ly Ain;* He Met 
65 .70 .75 80 

ACA ATT GCC GTC ACA CTT TCA CTT GGC TGG CCT CTG TAC CTA GCa TTC ■ -'^•^^'^'^2*88 
Thr He Ala Val Thr Leu Set T.su Gly Trp Pro Leu Tvr Leu A? a Phe 
85 9C " 95 

AAT GTt TCA GGC AGG CCA Ti^T GAT CGG TTC GCC TGC CAC TAT GAC CCA 336 

Asn Val Ser Gly Arg Pro Tyr Arg .^he- Ala C'«'Ci H: o T^-r j?iGp Pro 

.100 ' " 105 ' 1*1 r- , . / 

TAT GGC CCG ATC TAC AAT GAT CGC GAG CGA ATC GAG ATA TTC ATA TCA 384 
Tyr Gly Pro He Tyr Asn Anp Arg Glu Arg He Gin He Phe He Ser 
115 * 120 1^5 

C . H 

GAT GCT GGT GTT CTT GCT G^iC ACT TTT GGT CTC TAC CAA C^i:T GOT AtA 43i 
Asp Ala Gly Val Leu Ala Ve.l T.hr Phe Gly Leu Tyr Gin Ireu A.'.a He • 
130 135 140 

■i. 

GCG AAG GGG CTT GCT TGG GTT GTC TGT GTA TAT GGA GTG CCA TTG TTG 480 
Ala Lys Gly Leu Ala Trp Val Val Cys Val Tyr Gly Val Pro Lru Leu 
145 150 155 160 

, V ^ ■ 19^ 

GTG GTG AAT TCA TTC CVT GIV CI 3 A'-iC ACA TTT CVb Ci/J CAT 'ACl CAC 528 
Val Val Asn Ser Phe Leu Vi l Lz v He 'Jhr Phe Lfsu Gin HJ 5^ Th.- His 

165 170 175 ^ / 

::.iO 

CCT GGA TTG CCA CAT TAT GhT TCG TCG GAG TGG GAC TGG CTA Ab/* GGA 574 
Pro Ala Leu Pro His Tyr Ar»c Ser Ser GLu Tro hsx: T^td Lom Z..i:^.t Gly . 

180 185 190 ! 

GCT CTA GCA ACT GTT GAC AGii Gi^-T TAC G(}G ATC TIC AAC AiVG GIC TTC 624 
Ala Leu Ala Thr Val Asp Arg A^p Tyr Gl.y He Leu Asn Ly.? VzjL Phe 
195 200 205 

CAT AAC ATA ACG GAC ACT O-.l. G'riv GCT CAC CAC CT'I TIC ACC ATG CCC C , 673 

His Asn He Thr Asp Thr g:.^^ Vf.l KLa^ ^Iz Kis L<3' Phe Tl.:. Kc:t: Pro ' 
210 2?!) 7.2i^ 
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(2) INFORMATION -OR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH.: 224 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Trp Val Met Ala Kis Anp Cys Gly His His A.'.a Phe Ser Asp Tyr Gin 
1 5 10 15 



Leu Leu Asp Asp Val Val Gly Leu lie Leu His Ser Cys Leu Leu Val 

20 25 . 30 

Pro Tyr Phe Ser Trp Lys His Ser His Arg Arg His His Ser Asn Thr 

35 40 45 . ^ 



Gly Ser Leu Glu Arg *,3p 31u Val }?he Val Pro Lys Lys Lys Ser Ser 
50 55 60 

He Arg Trp Tyr Ser Lys Tyr Leu Asn Asn Pro Pro Gly Arg He Met 
65 -'0 ' '5 60 

Thr He Ala Val Thr Leu Ser Leu Gly Trp Pro Leu Tyr h&u Ala Phe 
85 ?i0 95 



Asn Val Ser Gly Arg Pro I'yr A3p Arg Phe Al-a Cys His l\yr Asp Pro 
100 105 \10 



Tyr Gly Pro He Tyr Asn Asp Arg Glu Arg lie Glu He Phe He Ser 
115 120 1.25 

Asp Ala Gly Val Leu Ala Val Thr Phe Gly Leu Tyr Gin Leu Ala He 

130 135 14 0 

Ala Lys Gly Leu Ala V;*.p Vai Vai Cys Val Tyr G.ly Val Pro I*eu Leu 
145 ISO 155 T^'- 160 



m 



Val Val Asn Ser Phe Leu Val Leu He Thr Phe Leu Gin H:-s Thr His 
165 170 175 

Pro Ala Leu Pro His «yr Asp Ser Ser Glu Trp Asp Trp Imu Arg Gly 

180 195 190 

Ala Leu Ala Thr Val Asp Arg Asp 'x^r Gly He Leu Asn Lys Val Plie 
195 200 205 



210 



\0 



His Asn He Thr Asp Vhr Gin Vai Ala His His Leu Phe Thr Mef Pro 

3" 



m 
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(2) INFORMATION I'OR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1369 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYP3: cDNA 
( ii i ) HYPOTHETICAL : NO 
■ (iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(A) ORGirkMISM: Ricinus communis 

(vii) II4MED I ATE SOURCE: - 

(B) CLONE: pRF3 97c-42 
(ix) FEATURE: 

(A) Kt:>K/KEY: CDS 

(B) X.OCATION: 184.. 1347 ; ' 
(xi) . SEQUENCE DESCRIPTION: SEQ ID NO: 11: . 

CGGCCGGGAT TCCGGTTTTC ACACTAATTT GCAAAAAATG CSTGATTTCA CCTCAAATCA 6*0 

AACACCACAC CTTATAACTT AGTCXTAAGA GAGAGAGAGA GAGGAGACAT TTCTCTTCTC * 120 

TGAGATGA6C ACTTCTCTTC CAGiiCAX'CGA AGCCTCAGGA AAGTGC7TGA GAAGAGCTTG 180 

AGA AT6 GGA GGT GGT GGT CiC AIG TCT ACT GTC ATA ATC AGC AAC AAC 228 
Met Gly Gly Gly Gly Arg Met Ser Thr Val lie He Ser Asn Asn 
1 5 10 . .15 

A6T GAG AAG AAA GGA GGA A1C AGC CAC CTG GAG CGA GCG CCQ CAC ACG 276 

Ser Glu Lys Lys Gly GIv S:=r Ser, His L.^u Glu Arr^ Ala Pre His Thr 
20 25 30 

■ f. 

AAG OCT OCT TAC ACA CTT GoT AiV'J CTC iiAG AGA G'l : ATC CCA CC'Z CAT 324 

Lys Pro Pro Tyr Thr Leu C-l*' A^n L-sn Lys Arg Ala lie Pro F His 

35 40 45 

TGC TTT GAA CGC TCT TTT GTG CGC TCA TTC TCC AAT TTT GCC TAT AAT 372' 
Cys Phe Glu Arg Ser Phe ^ .^^ Arg Ser F^e Ser A^n P^Ai Ala Tyr Asn ' ' 

50 55 • 60 
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TTC TGC TTA AGT TTT CTT TCC TAG TCG ATC GCC ACC AAC XTC T'XC CCT 42.0 
Phe Cys Leu Ser Phe Leu Ser Tyr Ser lie Ala Thr Asn Phe Phe Pro ' 
65 70 75 

TAC ATC TCT TCT CCG CTC TCG TAT GTC GCT TGG CTG GTT TAC TGG CTC 468 
Tyr lie Ser Ser Pro Leu Ser Tyr Val- Ala Trp Leu Val Tyr Trp Leu 
80 85 90 95 

TTC CAA GGC TGC ATT CTC ACT GGT CTT TGG GTC ATC GGC CAT GAJ\ TGT 516 
Phe Gin Gly Cys He Leu Thr Gly Leu Trp Val He Gly His Glu Cys 
100 105 110 

GGC CAT CAT GCT TTT AGT GAG TAT CAG CTG GCT GAT GAC ATT GTT GGC 564 

Gly His His Ala Phe S^r Glu T-r Gin Ler^ Ala Aso Arto 7.1^ Gly 
115 120 

CTA ATT GTC CAT TCT GCA CTT CTG GTT CCA TAT TTT TCA TGG AAA TAT 612 
Leu He Val His Ser Ala ^JCu l^eu Val Pro Tyr Pha Sor T:rp Lyj Tyr 
130 ■ 135 1^.0 

AGC CAT CGC CGC CAC CAT TCT AAC ATA GGA TCT CTC GAG CGA GAC GAA . 660 

Ser His Arg Arg His H:.^ 5or Aon Ilo Gly Ser he\i Glu ^.rg Ann Glu 

145 ISO 15'5 ' : . ' ' * 

GTG TTC GTC CCG AAA TCA AAG TCG AAA ATT TCA TGG TAT TCT AI^G TAC 708 

Val Phe Val Pro Lys Ser Lys Ser Lys I.le Ser Trp Tyr Ssr Ivr? Tyr 

160 155 170 " 175 ? 

TTA AAC AAC CCG CCA GGT CGh GTT TTG ACA CTT GCT GCC: ACG CTC CTG 756 
Leu Asn Asn Pro Pro Gly Ar^ V?.l L?5U Thr Leu IlIi Ala Thr Lou Leu » -V' 

180 185 ' 190 

CTT GGC TGG CCT TTA TAT TTA GCT TTC AAT GTC TCT GGT AGA CCT TAG 804 
Leu Gly Trp Pro Leu Tyr Leu Ala Phe Asn Val Ser Gly Arg Pro Tyr 
195 200 205 

GAT CGC TTT GCT TGC CAT TAT GAT CCC TAT GGC CCA ATA TTT TCC GAA 852 

Asp Arg Phe Ala Cys His Tyr Aso Pro Tyr Glv Pro Tie Phe S«': Glu 
210 21~5 220 

•It ss;?^ 

AGA GAA AGG CTT CAG ATT TaC iV-:T GCT GhZ CTC G^i AJJ TTT GCC ACA 900 

Arg Glu Arg Leu Gin He T,'-: 1 1*5 :;/..a Acp Leu 01:-' He i?r-o :M2 Thr 

225 230 23 •> 

ACG TTT GTG CTT TAT CAG G;;-;.' ACA Ai'G GCA AAA GG3 TTG GCT. TGS GTA 948 
Thr Phe Val Leu Tvr Gin Ala Thr Met Ala Lys Gly hzixi Ala Trp Val 
240 245 250 255 

ATG GGT ATC TAT GGG GTG CCj^ TTG CTJ ilTT GTT AAC TGT TTC C i'T GTT 996 
Met Arg He Tyr Gly Val I/r.: iru- Zls Val Asn Oys ?ho I^ojl Val 
260 265 270 

_r- ■; r 

ATG ATC ACA TAC TTG CAG ClC AC'i' C:.C CCA GCT A'J !? CCA CGC r;i:c GGG. . 10f4 



Met He Thr Tyr Leu Gl:i i: ^^h.r llL:. V ::> IJm 71^ Pro Zy^ Gly 

2*^5 '^r^n 



f '''' 
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TCA TCG GAA TGG GAT TGG C?C CQC CG; GCA ATG GT:. hCI GUL GKV AGA 1092 

Ser Ser Glu Trp Asp Trp Ler Arg Giy Ala Met Va\ Thr Val Asp Arg . 

290 295 300 ' ' ' 

GAT TAT GGG GTG TTG AAT Ai^J^. GTA TTC C;*T AAC ATT GCA G?.C AC? CAT 1140 

Asp Tyr Gly Val Leu Asn Lys Val Phe His Asn lie Ala Asp Thr His 
305 310 315 

GTA GCT CAT CAT CTC TTT GOT ACA G'X CCA CAT TAC CAT GCA A:?3 GAG 1188 

Val Ala His His Leu Phe Ala Thr Val Pro His Tyr His Ala l-et Glu 
320 325 330 335 

• GCC ACT AAA- GCA ATC AAG CCZ' ATA hTG GG^T GAG I'h:: TP.O C:CG 'M.V GAT 1236 

Ala Thr Lys Ala lie lys P-c "Ip Met (??y Glu T:/- Tyr J? r*^'^ Asp 

340 34S ' 350 

GGT ACC CCA TTT TAC AAG GCA TTG TGG AGG GAG GCA AAG GAG r/CC TTG 1284 

Gly Thr Pro Phe Tyr Lvs A/f? Isn Tro hrq Glu A].* ly.'i G^u Cy.'* Leu 
355 360 . 

TTC GTC GAG CCA GAT GAA GG7i GCT COT ACA CAA GGC GTT TTC TGG TAC 1332 

Phe Val Glu Pre Asp Glu Q\\ Ala Pre Thr Gin Gly Vcl Pho T..p Tyr 

370 375 300 >vO/f1:!^i^^ 

CGG AAC AAG TAT TAAAAAAGTG TCATGTAGCC TGCCG 1369' 
Arg Asn Lys Tyr 
385 



(2) INFORMATIDW FOR S'ZQ ID :]0:.12: 

(i) SEQUENCE CH.AR7-^r.:?ERISTTCS : 

(A) LE^Gl'H: 33' amirio acids 
(3) Tir::;: aiaiiio acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(XX ; SEQUEWCL D£3CR^ir'TiON: SEt ID NO.l.: 



i5 



Met Gly Gly Gly Gly Mrst Ssr T>r Val 13 e Ila Ser Asm Asn Ser 
1 5 10 15 

Glu Lys Lys Gly Gly ter Ser His Leu Glu Arg Ala Pro His Thr Lys 

. 20 25 30 

Pro Pro Tyr Thr Leu Gly Asn Leu Lys Arg Ala lie Pro Fro His Cys 
35 40 45 

Phe Glu Arg Ser rhe ^^al A^'j Sex '^le Sar Asn Phe Ala Tyr Asn Phe 

50 55 60 ' 

Cys Leu Ser Phe Leu Ser Tyr Ser lie Ala Thr Asn Phe .?he Pro Tyr 
65 70 -'5 80 
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He Ser Ser Pro hexi .*.er ':vr \c*l PAa Trp L^u Val Tyr Irp Leu Phe 
35 90 95 

Gin Gly Cys He Leu 2hr Gly Leu Trp Val He Gly His Glu Cys Gly ^ 
100 105 • 110 

His His Ala Phe Ser Glu Tyr Gin Leu Ala Asp Asp He Val Gly Leu 

115 120 125 

He Val His Ser Ala Leu Leu Val Pro Tyr Phe Ser Trp i^ys Tyr Ser 
130 135 140 

• His Arg Arg His His Ser Ai'n He Gly Ser Leu Glu Arg Asp Glu Val 
145 rSO 1=5 160 

Phe Val Pro Lys Ser Lys Ser Lys He Ser Trp Tyr Ser Lys Tyr Leu 
165 170 175 

Asn Asn Pro Pro Gly Arg Val Leu Thr Leu Ala Ala Thr Ldu Leu Leu 

190 :.85 IPO 

Gly Trp Pro Leu Tyr Leu Ala Phe Asn Val Ser Gly Arg Pro Tyr Asp 

lf>5 200 205 i'Si^.iy^i^S'? 

Arg Phe Ala Cys His Tyr Asp Pro Tyr Gly Pro He Phe Ser Glu. Arg 

210 215 220 

Glu Arg Leu Gin He :;yr He Ala Asp Leu Gly He Phe Ala THf Tfir 
225 230 235 240 

Phe Val Leu Tyr Gin i^la Thr Met Ala Lys Gly Leu Ala 'Crp Val Btet' 
245 250 255 

Arg He Tyr Gly Val Pro Leu Leu He Val Asn Cys Phe Leu Val Met 
260 265 270 

He Thr Tyr Leu Gin His Thr His Pro Ala He Pro Arg Tyr Gly 

275 280 295 

Ser Glu Trp Asp Trp Leu Arg Gly Ala Met Val Thr Val Asp Ar^f K^p 
290 2?5 300 ivO 

Tyr Gly Val Leu Asn Lys Vci ?h*a Kis Asn II.v^ Ala Asp ::hr H£s Val 
305 .-10 315 320 

Ala His His Leu Phe Ala Thr Val Pro His Tyr Hi.3 Ala Met Glu Alai 
325 330 335 

Thr Lys Ala He Lys Fro He Met Gly Glu Tyr Tyr Arg *eyr Asp Gly 
340 345 ' rJ^O 

Thr Pro Phe Tyr Lys Ala Zeu Trp Arg Glu Ala Lys Glu Cv3 lieu Phe* 
355 360 'J65 " . 



Val 



Glu Pro Asp Glu GLy Ala Pro Thr Gin Gly Val Phe Trp Tyr kr^' 
370 'STS r-*ftO ' 
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Asn Lys Tyr 
365 



(2) INFORMATION TOR SEQ 2D NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: Tiucleic acid 

(C) STRMnTDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

■ (iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(ix) FEATURE: 



(A) M?J-IE/KEY: mis cofeature 

(B) L0C7.TI0K: 1. .23 ' * 

(D) OTHER IITFORMATION: /product- 

"synthetic 
oligonucleotide" * 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

TGGGTATGCC AYGANTGYGG NCA 23 

(2) INFORMATION FOR SEQ ID NO: 14: 

ii) SEQUENCES CH.^P.ACTERISTICS: 

(A) LENGTH: 22 base pairs 

(E) TYPE: nucleic acid 

(C) TRANDEDNESS: single 

(D) ?DPOLOGY- linear 

lii) MOTIiECULE ICYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(ix) FEATUHF: 

(A) F.WVKEY: nis Cofeature 

(B) LOCATION: 1..22 
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(D) QVKER INFORMATION: 

(xi) SEQUEI3CE DESCRIPTION: 
AAARTGRTGG CACRTGKGTR TC 



/product^ 
"synthetic 
oligonucleotide^ 

SEQ ID NO: 14: 



22 



(2) 



INFORMATION FOR SEQ ID 170:15: 
(i) • SEQUENCE CHARACTERISTICS: 

(A) L.iiNGTH: 2973 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : double 

(D) rCPOLCGV: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii)* HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(vi) ORIGINMi SOURCE: 

(A) Cl-^GAMISM: Arabidorsis thaliana 
(vii) IMMED:!:3>.TF SOURCE: 

(B) CLONE; pAGF2-6 
(;.:c) FEATU:?.^: 

(A) IV-xriE/FJCY: exon 

(B) LOCATION: 433.. 520 



(ix) FEATURE: 



(A) NAME/KEY: 
(B; LOCATJON: 



intron 
521, .1654 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

ATTCGGTAAT TCCTACATAT UTT-.GP.GhW AGTTTGAGTT TCCATCCATA CTTTACTAG.T/ ' !; 60 

GATTATAAAT TTAAAATACG TAC? rTTC3A CTATA/iAGTG AAACTAAGTA AATTAGAACG 120 

TGATATTAAA AAGTTAATGT TCACTGTf Af ATTTTTTTCA CAfiGTAAAAA ATGGQTTATT . 18Ci ' 

TGCGGTAAAT AAAAATACCA GAT.-^ I'TTTGA ATTGi^TTAAA* AAGG7TGAAA TAAGAGAGGA 240 

GGG6AAAGAA AAGAAGGTGG GGGCCC;.^TA 7GAAA3GGAA AGG7GTCATC AAATCATCTC 300 
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TCTCTCTCTC 


TACCTTCa^C 




TGTCCATTTA 


AAGCCCTGTw-: 


TCXTGCCATT 


360 


CCCCATCTGA 


CCACCAGAAG 


AAG^.^C-ACA 


CACTCACAAA 


TTAAAAAGAG AGAGAGAGAG 


• 420 


AGAGAG&CAG 


AGAGAGAGAG 


AGATTCTGCG 


GAGGAGCTTC 


TTCTTCGTAG 


GGTGTTCATC 


480 


GTTATTAACG 


TTATCGCCCC 


TACGYCAGCT 


CCATCTCCAG 


GTCCGTCGCT 


TCTCTTCCAT 


540 


TTCTTCTCAT 


TTTCGATTT'J 


GAT.:ca*7ArT 


TCTTTCCAGT 


AGCTCCTGCT 


CTGTGAATTT 


600 


CTCCGCTCAC 


GATAGATCTG 


CTa-.^-T*'>X/::CC 


TTAaiTTCAA 


CCTTAGATCT 


GGTCTCGATT 


660 


CTCTGTTTCT 


CTGTTTTTTT 


CTTTTGGTCG 


AGAAO:CTGAT 


GTTTGTTTAT 


GTTCTGTCAC 


720 


CATTAATAAT 


GATGAACTCT 


CTCATTCATA 


GAATGATTAG 


TTTCTCTCGT 


CTACCAAACG 


780 


ATATGTTGCA 


TTTTCACTTT 


TCTICTTTTT 


TTCTAAGATG 


ATTTGCTTTG 


ACCAATTTGT 


840 


TTAGATCTTT 


ATTTTATTTT 


ATTITCTGGT 


GGGTTGGTGG 


AAATTGAAAA 


AAAAAAAAAA 


900 


AAAAGCATAA 


ATTGTTATTT 


GTTAATGTAT 


TCATTTTTTG 


GCTATTTGTT 


CTGGGTAAAA 


960 


ATCTGCTTCT 


ACTGTTGAAT 


CTTTCCTGGA 


TTTTTTACTC 


CTATTGGGTT 


. Tl lATAGTAAVff)^^^ 


AAATACATAA 


TAAAAGGAAA 


ACAAAAGTTT 


TATAGATTCT 


CTTAAACCCC 


TTACGATAAA 


1080 


AGTTGGAATC 


AAAATAATTC 


AGGATC^AGAT 


GCTCTTTGAT 


TGATTCAGAT 


GCGATTACAG 


X140 



TTGCATGGAA AATTTTCTAG ATCCGTCGTC ACATTTTATT TTCTGTTTAA ATATCTAAAT- 1200 

CTGATATATG ATGTCGACAA ATTCTGGXGG CTTATACATC ACTTCAACTG TTTTCTTTTG 1260 

GCTTTGTTTG TCAACTTGGT TTTCAATACG ATTTGTGATT TCGATCGCTG AATTTTTAAT 1320 

ACAAGCAAAC TGATGTTAAC CAC?kAGCAAG AGATGTGACC TGCCTTATTA ACATCGTATT 1380 • 

ACTTACTACT AGTCGTATTC TCAACCIJCA.AT CGTTTTTGTA TTTCTCACAT TArGCCGCTT 1440 

CTCTACTCTT TATTCCTTTT GGTCCACGCA '^TTICTATTT GTaGCAa^TCC CT77?CACAAC 1500 

CTGATTTCCC ACTTTGGATC ATTIGTCTGA AGACTCTCTT feAATCGTTAC • CACTTGTTTC 1560 * 

TTGTGCATGC TCTGTTTTTT AGAATTAATG ATAA^-^CTA'.? TCCA'^^miCT TGAGTTTTCA 1620; 

GCTTGTTGAT TCTTTTGCTT TTGGTTTTCT GCAGAAACAT GGGTGCAGGT GGAAGAATGC 1680 

CGGTTCCTAC TTCTTCCAAG AAATCGGAAA CCGAaiCCAC AAAGCGTGTG CCGTGCGAGA 1740 

AACCGCCTTT CTCGGTGGGA GATCTGAAGA AAGCAATCCC GCCGCATTGT TTCAAACGCT * 1800 

CAATCCCTCG CTCTTTCTCC TACJ'iVATCA GTGACATCAT TA'.^AGCCTCA TGCTTCTACT 1860 

ACGTCGCCAC CAATTACTTC TCTCTCC'-CC CTCA(5CCTCT CTCTTACTCG GC'TGGCCAC 1920 

TCTATT6GGC CTGTCAAGGC TGr^TCCVAA CTGGTATCTG GGI^CilTAGCC CACGAATGCG 1980 

GTCACCACGC ATTCAGCGAC TACCAACGGC tl'GGA'j.'GACAC AGTTGGI'CTr ATCTTCCATT 2040 
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CCTTCCTCCT CGTCCCTTAC TTC'CCroGA A317»':i;GTCA :?C3Cw«:CAC CAr^:CCAACA 2100 

CTGGATCCCT CGAAAGAGAT GAA3JA*.:TrG rCCCU^AGCA GAiAVCAGCA ArCAAGTGGT 2160 

ACGGGAAATA CCTCAACAAC CCTCTTGGAC GCATCATGAT GTTAACCGTC CAGTTTGTCC 2220 

TCGGGTGGCC CTTGTACTTA GCCTTTAACG TCTCTGGCAG ACCGTATGAC GGGTTCGCTT 2280 

GCCATTTCTT CCCCAACGCT CCCiiiTCTACA ATGACCGAGA ACGCCTCCAG ATATACCTCT 2340 

CTGATGCGGG TATTCTAGCC GTCT3TTTTG GTCTT'TACCG TTACGCTGCT GCACAAGGGA 2400 

TGGCCTCGAT GATCTGCCTC TAC ?GA07'AC CGCTTCTGAT AGrGAATGCG TTCCTCGTCT 2460 

TGATCACTTA CTTGCAGCAC ACTC.^vTCCCT 2GTT(3CCTCA CTACGATTCA TCAGAGTGGG 2520 

ACTGGCTCAG GGGAGCTTTG GCTACCGTAG ACAa^^^GACTA CG3AATCTTG AACAAGGTGT 2580 

TCCACAACAT TACAGACACA CACGTG5CTC ATCACCTGTT CTCGACAATG CCGCATTATA 2640 

ACGCAATGGA AGCTACAAAG GCGA^JAAAGC CAATTCTGGG A6ACTATTAC CAGTTCGATG' 2700 : 
GAACACCGTG GTATGTGGCG ATGTATAGGG AGGCAAAGGA GTGTATCTAT. G7-AGAACCQG/g2^|l0 

ACA6GGAAGG TGACAAGAAA GGTGTGl'ACT GGIJACAACAA TAIiG'^TATa^ G6ATGATGGT 2820 ■* 

GAAGAAATTG TCGACTTTTC tCTTGTCTGT TTGTCTTTTG TT.iUV^G fVAGC TJ^TGCTTCGT 2880 

TTTAATAATC TTATTGTCCA TTTTGTrGTC; TTATGACATT TTGGCTGCTC A?'J?ATGTTAT 2940 

GTGGGAAGTT AGCGTTCAAA TGTTTTGGGT CGG 2973- 

(2) INFORMAV^ION TOR ID ^70: 16: 



( i ) SECUE;*:'*:? ?,HAt^,lCTF:RISTICr^ : 



(:v) i;i.'i3Gni: base pai.-:r: 

^B) nwcleic acid • -.-r^ 

;c) :L:':aAM:>ED;jr:cS: 3in^,i^ . 

(D) '■.OPOLDGY: linaar , - 

(ii) MOLSCrf.E T^?'£.i cDNA 
( iii ) HYPOTHETICAL : HO ^ 
( iv) ANTI-SENSE : NO f^Jf} 
(ix) FEATUPJi:: " V 

(A) :::?jrC/KEY: -nis cofeature 

'D) w^r^c^:^ INrORIlATION: /product- \ • \ 

''syr.the'^ic 
oligonucleotide" 
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(xi) SnQUElC:, OESCrj:?;iON; SEQ id no 16: 
GGGCATGTNG ARAANARllTG RTG 23 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) sequek:;e CEARACTSRISTICS: 

(A) LZNGTE: 23 base pairs 

(B) T:Y^:Z: nucleic acid 

(C) STFJJviOSDKF.SS: single 
(D '^C^'OLr.GY^ linear 

(ii) MOLECL-LE TY?E : cDNA 
(iii) HYPOTHETICAL: NO 

(iv) ANTI-wSENSE: NO :v 
(ix) FEATURE: Af&^Pff 

(A) Jrivn/KEY: n'.i'.s cofeature 

(B) ::c;\TiON: 1..23 

{D} CT-ER INFCPili^LTION: /product- 

"synthetic 
oligonucleotide" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

GGGCATGTF.C TRAAl^AFRTG RTG 23 
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£LMM£ 

1. An isolated nucleic acid fragment comprising a 
nucleic acid sequence encoding a fatty acid desaturase 
or a fatty acid desaturase-related enzyme with an amino 

5 acid identity of 50% or greater to the polypeptide 
encoded by SEQ ID N0S:1, 3, 5, 1, 9, 11, or 15. 

2 . The isolated nucleic acid fragment of Claim 1 
wherein the amino acid identity is 60% or greater to the 
polypeptide encoded by SEQ ID N0S:1, 3, 5, 1, 9, 11^ or 

10 15. 

3. The iso".a^--''^d nucleic acid fragment of Claim 1 
wherein the nucle-*c acid identity i? 90% or greater, to 
SEQ ID NOS:i:. 3, 5. 7, 9, 11, or 15\ ' 

^. . The isolated nucleic acid fragment r>f Cla^^)^^*^ 
15 wherein said fragrr.i^nt is isolated frcn an oil-producing 
plant species. 

5. An isolated nucleic acid fragment coitiprising a 
nucleic acid sequence encoding a delta-12 fatty acid ^ 
hydroxylase. 

20 6, A chiiperic qene capable of oarising altered. 

levels of ricinoleic acid in a transformed plant cell, v 
said chimeric gene ccmprisinc- a nucleic arid fragment of ^ 
Claim 5, said f raam.ent operably linked to suitable 
regulatory sequences . , , 

25 7. A chimeric gene capable of ?.a'j*?ing altered 

levels of fatty a^id? -n a transformed plant cell, said 
chimeric gene comprising a nucleic acid fragment of .any 
of Claims 1, 3^ said fracment operr..bly linked to . 
suitable regu?.atory sequences. ■ . 

30 8. Plants containing a chimeric aene cf Claim- 6. v 

or Claim 7 . 

9. Oil obta.ined from seeds of the plants 
containing the ch:.rer:lf: genrn of Clc.in R 

10. .A methorJ of producing seed oil containing 

35 altered levels of unsaturate:', fatty acid:? comprising: 
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(a) transforming a plant call of an oil- 
producing species with a chimeric gene of Claim 5; ' 

(b) growing fertile plants from the 
transformed plant cells of step (a) ; 

5 (c) screening progeny seeds from the fertile 

plants of step (b) for the desired levels of unsaturated 
fatty acids; and 

(d) processing the progeny seed of step (c) 
to obtain seed oil containing altered levels of 
10 unsatiirsted fatty acids. 

11. A method of molecular breeding to obtain 
altered level? of a ratty acid in seed oil of oil- 
producing plant species ccmprising: 

(a) making a crosis between two vari elites TofiijT 
15 oil-producing species differing in the fatty acid trait; 

(b) making a Southern blot of restriction 
enzyme digested gencm^c DKA isolaterl from several 
progeny plants resulting from the cross of step (a) ; cmd 

(c> hy^:.ridininc the Souther::: blot with the . ' 
20 radiolabelled nuclnic, acid f fragment of Claim 1. .. 

12. A method of RFLP maooing comorisinar : ' ' 

(a) nakincj a cron.s betwef^n two var ieties of - • , 

plants; 

(b) rnal'-ipn ?. Southern blot of restriction 
25 enzyme digested genomic DNA isolatec- from s-eVeral 

progeny plants res''Jltirg from the cross of step (a); and 

(c) hi/hr:.rLy.±no the Southern blot --yith the • 
radiolabelled n\:.cl^Sc ?ci6 fragments of Claim 1. 

13. A method to .-^solat*^ nucle:ic acid fragments 

30 encoding fatty acid dssaturasss ?nd related ^sn^ymes, •« . 
comprising: 

(a) conparing SEQ ID N0S:2, ^, 6, 8, 10, or 
12 and other fatty acid dr-r.attirase poj ypeptide 
sequences ; 
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(b} identifying the conserved sequences of 4 
or more amino aciis obtained in step a; 

(c) denigirg degenerate oligomers based on 
the conserved seofjences idantified in step b; and 

(d) usjincT the degenerate o.ligomers of step c 
to isolate sequences encoding fatty acid deseili:rases and 
desaturase-related -^izymes by sequence dependent 
protocols . 

14. An isolptcd nucleic acid fragrrient cf Claim 1 
comprising a nucl'^^'c acid ?eqp.ience encoding a plant 
microsomal delta-12 fetty aci<? desaturase. 
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